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Mr LeRoy Carlson 
U S Fish &Wildlife Service 
Colorado State Office 
Golden Field Office 
730 Simms Street 
Golden, Colorado 80401 
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000024254 

94-DOE-0346s 

Dear Mr Carlson 

Please find enclosed one (1) copy of the final document entitled "Guide for Conducting 
S taustical Compansons of RCRA Facility Investqptlon/Remedial Investigation (RFYRI) 
Data and Background Data At the Rocky Flats Plant" This document was prepared in 
response to (1) the U S Environmental Protection Agency, Region VIII, (EPA) letter to 
the U S Department of Energy, Rocky Flats Office (DOWRFO) dated May 20, 1993, and 
the August 12, 1993 EPNColorado Department of Hedlth Stop Work letter to DOURFO 

The enclosed statistical methodology wdl be used for companng RFI/RI data and 
background data for Operable Units (OUs) 3 and up at the Rocky Flats Plant As stated 
in the EPA's May 20, 1993 letter, both OUs 1 and 2 are exempt from this methodology 

Any questions or concerns regarding this letter and enclosure should be addressed to 
Bruce Thatcher of my staff at 966-3532 

Enclosure 
Reviewed for Addressee 

Corres Control RFP 

Ref Ltr # 

Sincerely, 

Jessie Ro6erson 
VActin g Assstant Manager for 

Environmental Restoration 
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R Birk, ER, RFO 
J Pepe,ER,RFO 
S Slaten, ER, RFO 
S Olinger, ER, RFO 
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S Stiger, EG&G 
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R Cattany,CDNR 
B McIntyre, CDWR 
G Van Slyke, CDWR 
D Parker,CSCB 
J Brush,CDH 
E Kay, CDH 
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APR 5 1994 
Idenucal letters sent to the following, dated 

Dave Weber 
Colorado Division o f  Wildlife 
6060 Broadway 
Denver, CO 80206 

Pat Rogers 
Colorado Geological Survey 
1313 Sherman, Room 715 
Denver, CO 80203 

Steve Arnold 
Colorado D e p m e n  t of Health 
4300 Cherry Creek Dnve South 
Denver, CO 80222- 1530 

Jeb Love 
Colorado Department of Health 
4300 Cherry Creek Dnve South 
Denver, CO 80222- 1530 
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C' 
MAR 3 0 1994 

Mr Martin Hestmark 
U S Environmental Protection Agency, Region VEX 
ATTN Rocky Flats Project Manager, 8HWM-RI 
999 18th Street, Su te  500, 8 WM-C 
Denver, Colorado 80202-2405 

Mr GaryBaughman 
Hazardous Waste Facilities Unit Leader 
Colorado Department of Health 
4300 Cherry Creek Dnve South 
Denver, Colorado 80222-1 530 

Gentlemen 

Please find enclosed two (2) copies of the final document entitled "Guide for Conducti~ig 
Statistical Comparlsons of WRT Data and Background Data At the Rocky Flats Plant" 
This document was prepared in response to (1) the U S Environmental Protection Agency, 
Region VIII, (EPA) letter to the U S Department of Energy, Rocky Flats Office (DOERFO) 
dated May 20, 1993, and the August 12, 1993 EPNColorado Department of Health (CDH) Stop 
Work letter to DOE/RFO In addition please find enclosed responses to EPA comments dated 
September 21 and October 25, 1993 and CDH comments dated September 13 and October 13, 
1993 These comments, along with the discussion from the September 29, 1993 meeting 
between EPA, CDH and DOERFO are reflected in the final methodology 

The enclosed statistical methodology will be used for comparing Resource Conservation and 
Recovery 4ct Facility Investigation/Remedlal Investigation ( W R I )  data and background data 
for Operable Units (OUs) 3 and up at the Rocky Flats Plant As stated in the EPA May 20, 1953 
letter, both OUs 1 and 2 are exempt from this methodology 

Any questio IS or concerns regarding th~s letter and ecclosure should be addressed to Bruce 
Thatcher of my staff at 966-3532 

Sincerely, 

Enclosure 

Acting Assistant Manager for 
Environmental Restoration 
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S Stiger, EG&G 
R Gilbert, PNL 
B Ramsey,SMS 

cc w/o Enclosure 
M Silverman, OOM, RFO 
L Srmth, OOM. RFO 
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J Hopkins, EG&G 
R Roberts, EG&G 
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Guide for Conduchng Stahst~cal 
Cornpansons of RFI/RI Data and Background Data 

At the Rocky Flats Plant 

General 

This document is intended to provide guidelines for OU-to-background compansons of data, and 
to explicitly discuss approaches to the issue of determining OU-specific contaminahon. The OU- 
to-background cornpanson wdl be applied for inorganics and radionuclides In addibon, the 
companson may occasionally be performed for organics on a limited, case-by-case basis, subject 
to EPA and CDH approval 

It is imporkit to establish a common approach leading to a common list of possible 
contaminants for each OU To this end, Figure 1, GENERAL APPROACH TO 
D E W G  " C O N T A M " T S "  was developed. In this general technique, a "Tool- 
Box" approach is employed to amve at one common hst of contarmnants for each OU (or 
subdivision), for all funchond aspects of the RFURI and CMWFS. 

As mdicated, several disciphes such as the Human Health or Ecological a s k  Assessors and 
Regulatory speciahsts may pare the hst of contaminants to "Contamants of Concern" (COCs) 
based on factors germane to then applicahon (e g , toxicity) ,- 

_ _  _ -  --A - -  The text below follows Figure 2, FLOWCHART FOR COMPARING OU DATA TO 
- - --- -- - BACKGROUND. 

start 

Determine Backeroun 7 and OU Tarpet PoDulations 

Appropnate geographical, geoloycal, and temporal data sets w d  be defined for cornpxon 
This is essentrally a matclung exercise so that Site (OU) data sets are comparable to background 
sets Considerahon will be given to isscles such as 

- 

Geologic matenals 
Hydrostrahgraphc unit 
Temporal comparabhty 
Sample size for stat~st~cal tests 
Confidence m gedhydrologic regime detematlon 
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The baciground data sets will be taken from the 1993 Background Geochemistry 
Charactenzabon Report (EG&G, September, 1993), except for surficid soils Rock Creek 
surficial soil samples were used as background for OUs 1 and 2, and will be used unhl the FY94 
surficial soil sampling data is avalable S irficial soils are scheduled to be sampled in FY94 to 
supplement the Rock Creek data and the F 94 samples will be used subsequently as background 
surficld sod data The followmg media have defined backgrounds groundwater (Rocky Flats 
Alluvium, valley fill alluvium, colluvium, weathered sandstone, and unweatr ered 
Arapahoe/Laramie formahon rocks), surface water (Rock Creek and Woman Creek), seeps, 
stream sediments (Rock Creek and Woman Creek), seep sediments, and soils (Rocky Flats 
Alluvium, colluvium, surficial, weathered claystone, and weathered Arapahoe, Laramie 
sandstone) Site media will be cross-referenced to one or more background media 

Set DQOs 

DQOs are established to define data needs for each of the RFI/RI tasks, coordinate that 
collecbon achvihes support those needs, and ensure the quality and quanhty of resultant data 
Three stages are used in the development of DQOs 

Identify Decsion Types: 
Idenhfy and rnvolve data users, 
Evaluate avadable data, 
Develop a conceptual model of the study site, and 
Specify RFI/FU objemves, and anticipate the decisions necessary to achieve the 
objectrves 

I 

Identify Data Uses and Needs: 
Idenhfy data uses, 
Idenhfy data types, 
Idenhfy data-quahty needs, 
Idenhfy data-quanhty needs, 
Evaluate samphng and analysis nphons, and 
Review data precision, accuracy, representahveness, completeness, ~ n d  comparability 
(PARCC) 

Design Data Collection Program: 
Assemble data-collechon components, and 
Develop data-collechon documentahon 

Data Collection and Validation 

Under cunent IAG schedule condihons, analyhcal data may not be 100% "validated" when the 
background compansons are made m each draft report However, non-vahdated data will be 
used only for draft FUWRIs F m d  RFI/RI reports wdl use only data that have undergone 
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vahdabon. Data that have been rejected wll not be used. The potenhal impacts of  using non- 
vahdated data wdl be discussed on a case-bycase basis in the final reports 

Data Prese ntation 

A "prehminary" explontory data appmsal wlll be performed to bkun a "feel" for the data 
Thls wd mvolve techniques and idenhficahon of  issues such as 

Gross summary stahshcs 
Spabal arrays 
Temporal plots 
Sampling strategy comparability evaluabon 
Affected media matnx 
Hit rabos 
Non-detect rates 
Detecbon hmitlquanbtahon limit issues 
Extent o f  data qualificahons "J", "B", etc. 
%stogms/boxplots/other visuals 
DQO adequacy/completeness assessment 

l l u s  step wdl help guide the need for, 2nd evaluate the appropnateness and applicability of 
hrtl?er analysis, evaluate assumphons, and ascertam the impacts and limitahons in light o f  the 
actual data as collected Informahon generated during the exploratory data appmsal will be 
used 111 evaluabng the appropnateness of the scope of the formal RFI/RI proposal Results will 
be mformahondy discussed in a meehng wth EPA, CDH, and DOE/RFO 

A Y = .  

Several data-presentahon techniques were idenhfied by Dr. Gilbert as appropnate for different 
condihons. To perform them all for all compounds in a standard full suite is not necessary 
when it is clear from a prehminary review that the vast majonty of data points for some 
compounds are entuely or almost enhrely on-detects 

Accordingly, we have refined the methodology as follows 

Box plots wd.l be used when the percentage of non-detects is 50% or less 

Histograms will also be used when the percentage of  non-detects IS 50% or less Bars in  

the hstogram wdl be shaded to indicate the percenta :e of  detects and non-detects within each 
bar interval 

Probability plots, ordered Mmgs,  and other graphics will be used as appropnate 
~ 

As rndicated by the OU1 process, visual presentahon of the data is important Interpretable 
graphcs wlll be produced to the extent that they fachtate analysis In general, graphics will be 
a central feature of  analysis 
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BACKGROUND CO MPARISON ME THODOCOG Y TOOL BOX APPROACH 

Employ ?g Bounding-Benchmark Companson (Hot Measurement), Inferentnl Stabsbcs, and 
Profess Jnd Judgement 

General 

The tool-box approach employs a bounding-benchmark companson, inferenhd stabsbcs, and 
professional judgement This approach was forwarded in  the OU1 comment-resolubon process, 
endorsed by Dr Gilbert, and is widely applied in the hazardous waste industry and 
environmental business across Amenca It employs a "weight-of-evidence" framework wherein 
all three aspects are factored into the determinabon of what is a Site (OU) contaminant 
Stabstmans will be used to venfy that the methods used are correct 

A hot-measurement test wdl be performed that will compare each analyte concentration to 
an upper-hrmt value for that analyte 

The upper-hmt value will be the value at which there is a 99% probability that 99% of the 
background distnbubon wdl be below ths value (uTL99,w)c If the U%/w cannot be 
calculated or reasonably esbmated, then background values from technical literature and 
professional judgement wlll be used The resulbng geochemical interprr tabon of data will 
be subject to Agency ret'iew and approval 

The is requlred instead of a toncity-based value because a smgle list of  pdtenhal 
contarrunants must be used by many disciplines (Human Health, Ecological, Regulatory, 
etc ,) to ensure consistency across the RFURI and C.MS/FS Reports The subjectwe nature 
of what is "hot", as well as toncity and ARAR considerabons, will be dealt with by the 
spec~al~sts who determme COC's specific to thelr discipline 

- 

In addibon to ensunng that high concentrahons do not get overlooked, the mIw i s  an 
important tool for idenhfying locahons of suspected elevated concentrahon in the "ndture and 
extent" secbon 
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BackPround Companso n Using Tnferentd at istical Methods 

Based on Dr Gdbert's work, the following inferenbal stabshcal tests will be used to compare 
background data sets to data sets compiled at the Operable Units (OUs) These data sets will 
be compiled and compared by analyte, and by the correct background data set (1 e , colluvium, 
alluvium, alluvium + colluvium, surface soils, etc [See Determine Background and OU Target 
Populahons]). 

It should be noted that Dr Gilbert's recommendahons establish a framework that emphasizes 
using the most appropnate test avalable Thus professional judgement will be necessary both 
in applicahon of inferential tes s, as well as their InterpretaQon Addibonally, within the 
framework of a battery of tests drawn from a "tool box" of methods, i t  IS requested that EPA 
and CDH remam open to consultabon on tht use of other tests as appropnate 

The results of a l l  tests (hot-measurement, inferenhal) will then be evaluated in light of 
professional judgement This process is depicted on Figure 3, B,'\CKGROUM) 
COMFAREONS MET'"T'HD0U)GY 

If ,lot-measurement or mferenbal stahsbcal tests show that the concentrabon of a given analyte 
111 the OU data set is not greater than the concentrahon in the background data set, and if 
considerations 111 the professional-judgement arena do not override, then the analyte is considered 
not to be a contammant r 

If either the hot-measurement test or at least one inferential stabsbcal test shows that the 
concentrabon of a given analyte in the OU data set may be greater than the concentratton in the 
background data set, then professional judgement (using temporal and spabal analysis, as well 
as pattern-redogrubon concepts) is agam apphed to see if the analyte concentrattons in the two 
data sets are actually differcnt 

After the hot-measurement test and pnor to the use of inferenhal stabstml tesnng, the issue of 
non-detects must be dealt with for all tests except the Gehan test, which can be apphed with non- 
detects present. For all other tests, non-detects should be replaced with a value of 0 5 hmes the 
applicable reported detectton hmit, following EPA guidance (Stahshcal P nalysis of Groundwater 
Monitonng Data at RCRA Facilities, Addendum to Intenm Final Guidance, July 1992), but  
realizing the pformance of simple subshtution decreases with an increasing proporbon of non- 
detects 

The handlmg of non-detects, and the presence of mulbple detecuon limits in the WEDS data 
base, requms the use of good professional judgement along with the general guidance offered 
here The use of graphcal displays of data will assist in the handllng of high-value non-detects 

Detecbon limits will be discussed in the RI report 
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Gehan Test or Nonparametnc ANOVA Test 

The Gehan test is a nonparametnc test and can be used when multiple detechon limits are 
present These are the 
pnncipal favorable attnbutes of the Gehan test 

The Gehan test will be applied without replacing non-detects 

Standard nonparametnc ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are widely 
used in environmental assessment, and are discussed in EPA guidance (Stahsbcal Analysis 
of Groundwater Monitonng Data at RCRA Facilities, Addendum to Intenm Final Guidance, 
July 1992) These tests require replacement of non-detect values, either by simple 
substitution or maximum-likelihood methods 

For the Gehan or nonparametnc ANOVA test, a p-value will be generated and p-values that 
are equal to or less than 0 05 will normally be considered indicahve of a significant 
difference from background Statements of the test and null hypotheses will be given, in 
both statisbcal and narrative terms 

OuantiIe Test 

o The quanhle test 1s also a nonparametnc test and can be considered as a rapid screening test 

o Due to limitabons in the quantde test, the test will only be u@ if the largest 20% of the 
combined background and site data are detects 

o A p-value will be generated and p-values that are equal to or less than 0 05 will indicate a 
significant differencl from background Statements of the test and null hypotheses will be 
given, in both stahstjlcal and nan-atwe terms 

SliDDaze Test 

o The slippage test is a nonparametnc test and can be considered as a rapid screening test 

o Due to limitahons in the slippage test, the test will possibly not be used if the largest 
background d u e  is a non-detect If the largest background value is a non-detect, then 
professional judgement will be applied to determine whether or not the slippage test is 
applicable For example, if the second largest background value is a detect and is similar 
in value to the largest background value, it could be used in place of the largest value 
(although the replacement must be taken into account when mterpretmg the test results) 

o A p-value will be generated and p-values that are equal to or less than 0 05 w ~ l l  indicate a 
significant difference from background Statements of the test and null hypotheses will be 
given, in both s t m u d  and narrative terms 
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T-Test 

o The t-test is a pmmetnc test and is very commonly used when testing the difference 
between means of two data sets 

o Due to limitatrons in the t-test, the test will be applied in cases where both background and 
OU data are normally distnbuted and contam at least 20 data points, and less than 20% of 
the background and OU data are classified as non-detects 

o A p-value will be generated and p-values that are equal to or less than  0 05 will indicate a 
significant difference from background Statements of the test and null hypotheses will be 
given, in both statistical and narrative terms 

Professional Judgement 

The following general guidelines will be used individually and collechvely, in conjuncbon with 
the above compmson and stabs:ical "tools" to ascertam if a reported a n a l y t d  detection(s) 
constitutes contaminabon at the OU When professional judgement is applied, documented and 
defensible evidence will be furnished, and DOE will bear the "burden of proof' 

o Spatial dstribution of analytes above background are or are not indicatwe of contamination 
due to waste-related achvities at the OU Spatial plots, interpreted in a source-to-receptor 
conceptual model, rn addibon to compound-specific moblhty considerabons, generally assist 
m interpretahon of rnconclusive results 

c 

o Temporal distribution of analyte concentrabons at a stabon indicates the "hgh" value(s) 
is(are) outher(s) Time-senes plots at wells or surface-water locabons can generally be used 
to h k  apparently insignificant outlier reports to seasonal or hydrological phenomena, and 
vice versa 

o Other associated analytes are determined not to be contaminants in the sample or at the 
station Then this may be added to curnulawe evidence ("burden of proof") that the analyte 
in quesbon is not a potential contarmnant of concern Pattern-recogrution concepts are 
useful in idenbfying anomalies as well as confirming " fingerpnnt" associauons 
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Table C-1 Groundwater UTLs by geologic umt for dissolved metals 

UPPER TOLERANCE LIMITS BY GEOLOGIC UMT 
GROUNDWATER. DISSOLVED METALS 

ANALm 

ALUMINUM 
ANTIMONY 
W U M  
CAgMlUM 
CALCIUM 
CHROMIUM 
COPPEI: 
fAON 
LITHIUM 
MAGNESIUM 
WNGANESE 
MOLYBDENUM 
POTASSIUM 
SELENIUM 
SILVER 
S3DIUM 
SIFIONTlUM 
TIN 
VANADIUM 
ZINC 

ALUMINUM 
XKnMOhY 
BARIUM 
U i D M I U M  
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
LliHlUM 
WGNES IUM 
W G A N E S E  
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILVER 
SODIUM 
S[RONilUM 
W U M  
T I N  
VANADIUM 
ZINC 

2EOLOGtC SAMPLE PERCENT STANDARD 
UNtl SIZE N DETECTS MEAN DEVIATION 99/83 UT1 UNITS 

COL 35 
COL 33 
COL 34 
COL 34 

COL 35 
COL 32 
COL 33 
COL 34 
COL 34 
COL 34 
COL 35 
COL 33 
COL 33 
COL 32 
COL 31 
COL 35 
COL 34 
COL 31 
COL 32 
COL 35 

71 43 
3333 
79 41 
23 53 
100 00 
28 12 
3635 
61 76 
88 24 
10600 
7429 
42 42 
84 85 
62 M 
25 81 
loo 00 
97 05 
41 94 
65 62 
74 29 

59 18 
14 84 
7705 
1 97 

9631429 
5 87 
508 
4638 
lzn 

M,47B 41 
32 10 
19 35 

208636 
17 40 
322 

9 8 4 5 4 2 9  
701 88 
44 01 
8 17 
1 1  30 

49 53 
954 

3903 
1 67 

34,355 90 
5 93 
4 2 0  

79 70 
8453 

10,610 71 
38 69 
32 15 

1,903 98 
42 89 
2 81 

64,5;2 31 
374 80 
62 59 
7 85 
10 64 

224 21 
46 92 

207 99 
7 57 

210 868 89 
26 c3 
19 27 

313 70 
40630 

56 070 91 
161 12 
127 67 

8,513 03 
1 6 3  12 
12 84 

313 594 26 
1 959 08 
2% 16 
2-464 
46 78 

UGK 
UGK 
UGR 
UGA 
UGR 
UGR 
UGA 
UGR 
UGK 
UGK. 
U W L  

b 4. 

UGlL 
UG/L 
UGA. 
UGA 
UGR 
UGIL 

i n  

uGn 

R-A  lo4 
R A  113 
R”k 114 
R-A 107 
RFA 113 
RFA 113 
RFA 112 
RFA 113 
RFA 1 1 1  
RFA 109 
RFA 112 
RFA 114 
RFA 1% 
RFA 1% 
RFA 110 
fiFA 105 
RFA 112 
RFA 112 
RFA 92 
RFA 100 
RFA 1 1 1  
RFA 113 

75 00 
49 56 
6353 
22 43 
103 m 
41 59 
43 75 
7 t  99 
24 32 
66 81 
91 95 
5263 
3S 85 
36 79 
79 09 
28 57 
98 21 
86 61 
21 74 
41 cx) 

62 16 
79 65 

68 23 
18 37 
72 32 
1 66 

37 655 53 
4 86 
4 79 

70 28 
1 40 

12 68 
4 266 21 

6 17 
19 37 
7 66 

925 94 
2 73 

7 60221 
132 73 
168  

29 i2 
836  
15 69 

125 93 
12 99 

113 
18 707 96 

J 33 
4 13 

157 23 
2 0: 
17 36 

1369 E7 
15 0 4  
34 13 
7 65 

705 81 
188 

f 74042 
91 05 
1 6 4  
3 c2 
9 95 
19 83 

#- 2450 

361 64 
48 61 
129 39 

4 29 
81 245 00 

12 63 
14  59 

436 62 
8 41  

53 12 
7 5 5 6  63 

41 21 
98 88 
25 49 

2 570 48 
7 1 1  

1 1  557 40  
3L4 89 

5 53 
loa 98 
31 55 
61 88 

UGL 
UG/L 
UGlL 
us11 
UG/L 
US/L 
UGlC 
UGA 
UGIL 
UG’L 
UGlL 
USlL 
UGIL 
us11 
UGIL 
US/L 

UG’L 
usic 
25Pb 
UG/L 
U S ‘ C  

usr. 

C-5 



I Table C-2 Groundwater UTLs by geoloyc urn1 for total met.& 

UPPER T O L E W C E  LIMITS BY GEOLOGIC UNIT 
G90UNDWATER. TOTAL METALS 

M A L P -  

H M I N U M  
ANtlMOUY 
ARSENIC 
W U M  
W l U M  
CALCIUM 
CHROMIUM 
COPPER 

LEM 
LRHlUM 
MAGNESIUM 
LUNGANESE 
UOLYBDENUM 
NICKEL 
POTMSlUM 
SELENIUM 
SILICON 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANAOIUM 
ZINC 

moN 

ALUMINUM 
A N n M 0 N - f  
AFSENIC 
BARIUM 
CALCIUM 
CESIUM 
CHROMlUU 
COBALT 
COPPER 
IRON 
LEM 
LlTHlUM 
UAGNESIUM 
MNGANESE 
MOLYBDENUM 
NtCKEL 
POTASSIUM 
SILICON 
SODIUM 
STFIOKllUM 
n N  
VANADJUM 
ZINC 

GEOLOGIC W P L E  PERCENT STANDARD 
DNUTION m i m  UTL UNITS UNlT SIZE N DmCTS  MEAN 

COL 1Q 
COL 20 
COL a 
COL 20 
COL 20 
COL 20 
W L  18 
COL 20 
COL 19 
COL 18 
WL 2Q 
COL 20 
COL 20 
COL 20 
COL 18 
COL x) 

COL 18 
COL 12 
COL 23 
cot. 20 
COL 20 
COL 20 
COL 20 
COL 29 

loo 00 
3404 
4000 
ClJQ) 
25m 
loa00 
PP 
OSW 
loo 00 
30 89 
asm 
loo 00 
os00 
4000 

5553 
7103 
68 67 
roo 00 
103 00 
10303 
35 00 
400 
75 00 
95 00 

74s 11 
17 74 
1 93 

1 PI 

4 9  
029 

665 11 
228 
117D1 

21 52000 
948 
238a 

7.25 
2013 25 

15 M 
860075 

101 010 00 
70s 85 

168 
35 35 
16 U 
31 55 

w 87 

Dowoo 

789 02 
952 
165 

66 40 
1 74 

3 7 , w  78 
4 3 8  
11 81 

67922 
4 27 
B6 40 

11 4R 51 
126 39 
39 1 Q  

6 31 
1 8 S 3 S  

47 11 
246231 

6a8,73a 74 
37Q 49 

1 76 
34 62 
27 37 
3614 

381632 
5)P 

8 24 
3 4 2 9  
8 U  

243 816 S 
21 68 

3xuI02 
10 18 
UD 3s 

6529675 
541 73 
174 05 

32 26 
026862  

201 61 
2owb4 

3% 386 48 

2159 90 
8 43 

167 99 
121 70 
1:o 01 

nsI 

UGA 
UGA. 
UG A 
UG/L 
UGA 
U W L  
U W L  
UGR 
U W L  
UGA 
UG/L 
UGA 
uc "b 
UWL 
UGA 
UG/L 

UGA 
UWL 
UGlL 
UGlL 
UGR 
UGlL 
UG/L 

u G n  

RFA 66 
RFA 63 
RFA 61 
RFA 66 
RFA 67 
RFA 65 
R 54 

RFA 66 
RFA €4 
RFA 66 
RF A 63 
RF A 67 
RFA 67 
RFA 66 
RFA 69 
RFA €6 
RFA 68 
RFA 37 
RFA 67 
RFA 64 

RF A 6a 
RFA 65 
RFA 67 

93 w 
4 2 8 6  
27 87 
78 79 

nos 
56 25 
2121 
n 2 7  
Qua 
71 u 
76 12 
95 52 

33 82 
4a 91 
7.5 47 
1'53 03 
97 01 
7u 12 
323 
78 79 
w-5 

i m  00 

w 91 

3 &u 45 
21 40 

2 07 
96 13 

3869030 
150 64 
8 21 
8 46 

12 25 
426208 

364 
17 15 

5 050 67 
DoD9 

24 80 
13 25 

1 578 4.6 

lQ(u392 
7 797 16 

125 27 
34 01 
14 117 
40 26 

505731 
IS 61 
176 

36 76 
17 954 M 
m63 

7 49 
10 30 
13 56 

5 g50 89 
3 05 
19 09 

2112 67 
113 99 
40 38 
11 32 

119052 
11 44.6 15 
1995311 

3920 

3663 
11 21 
67 22 

19 223 71 
6888 
7 43 

297 82 
93 288 54 

766 84 
30 99 
39 78  
9 48 

22 Y3 15 
1' 5A 

75 19 
11 475 50 

436 ( 3  
147 60 
47 69 

5 198 B4 
55 i7? 23 
13 W5 12 

2L( 47 

145 45 
48 97 

244 69 

UGlL 
UGlL 
UGlL 
UGIL 
UG/L 
UGlL 
UGL 
UGlL 
UG'L 
UG 2 
UG/L 
UGIL 
UGIL 
U G Ti 
UGiL 
UGIL 
UGlL 
UG'? 
UGA 
UG'L 
UGA 
UGA 
U G k  
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Table C-2 (cont') 

UkPEEl TOLERANCE LIMITS BY GEOLOGIC UNIT 
GROUNDWATER. TOTAL METALS (CONT) 

ALUMINUM 
AN-TlMONY 
ARSENIC 
BARIUM 
W l U U  
N U U M  
CESIUM 
CHROMIUM 
w WLT 
COPPER 
IRON 
LEM 
LlTHlUM 
WGNESIUM 
W N W E S E  
UERCURY 
UOLY3DENUM 
NEKEL 
POTASSIUM 
SELENIUM 
SILICON 
SOOlUM 
m O N n U M  
TMUJUM 
n h  
VANADIUM 
ZINC 

ALUMINUM 
ANTIMONY 
BARIUM 
U L C l U M  
CESIL'M 
CHROMIUM 
COPPER 
IRON 
L€Ao 
LlTHlUM 
MAGNESIUM 
MANGANESE 
U0L"BOENUM 
POTKSSIUM 
SELENIUM 
S l U M N  
5001ucI 
STRONTIUM 
W U M  
TIN 
VANADIUM 
ZINC 

STANDARD GEOLOGIC SAMPLE PERCENT 
UNiT SUE. H DETECTS MEAN DNLAT!ON QQ/W Vn UNITS 

VFA 43 
M A  41 
M A  41 
M A  U 
M A  U 
M A  U 

VFA 40 
VFA 42 
M A  U 
VFA 43 

VFA 43 
M A  40 
VFA 43 
M A  43 
VFA 43 

M A  43 
M A  43 
M A  43 
VFA 43 
M A  42 
M A  23 
VF A 43 
LFA 43 
VFA 43 

VFA 42 
VFA 43 
VFA 43 

97 67 
31 71 
31 71 
lux? 
25s 
1 0 0 w  
JQW 
5000 
2093 
81 40 

TI50 
81 A 3  

07 67 
9525 
23 26 
27 01 
44 19 
81 40 
4286 
100 00 
160 00 
95 35 
27 91 
3a 10 
79 07 
103 00 

imw 

2560 JS 
16 54 
1 70 

11277 
1 T o  

CQ36122 
14206 
698 
6 73 
10 43 

27329 
3-  

223 1 
128bS 24 
9238 
0 12 

8 41 
1785 13 

3 42 
Ism1 4 

374 14 

1 4 7  
31 89 
12-20 
39 Q3 

18 m 

m a  m 

39091J 
OW 
1 57 

1 78 
30 137% 

1M 8s 
6 liQ 
8 5 2  

24a 
4 7964 

'26 
18 QS 

6 410 62 
1o.i i a  
OM 

3626 
7c5 

013 5d 
7 D7 

16 1M sa 
206 92 

1 59 

10 56 

28 56 

Jow 

i t  ma 

, 3zn 

14893W 
47 M 
6 6 5  

210 51 
7 30 

155 4.45 78 
741 90 
2h6Q 
363 
49 bo 

17,181 35 
13 97 
e229 

33 090 74 
421 07 
OW 

1 u a  

4 667 46 
28 5s 

SQ 186 C1 
83 992 25 
1 CZS 97 

6 49 
134 65 
45 52 
:30 cs 

x) as 

U r n  
U M  
UGR 
U C n  
UG/L 
U G R  
UGR 
UGR 
U C n  
UGn 
UCR 
UGR 
uc 
U O L  
UWL 
UG/L 
UWL 
UGR 
UGR 
U G h  
UGR 
UGR 
UGA 
u n  
UGK 
UGA 
UGR 

WCS 
wcs 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
W W  
W W  
WCS 
WCS 
WCS 
WGS 
WCS 
W W  
W W  

19 a947 
17 4706 
19 e421 

1Q 10000 
20 3500 
1 Q  3684 

19 5789 
19 8947 
10 7 3 M  
1Q 75u)  
19 10003 
19 M 4 2  
19 4211 
19 7368 
18 M O O  
l a  1x00 
18 loOD0 
19 10000 
10 2778 
19 31 58 
19 6842 
19 e421 

1326 18 
19 09 
113 17 

53731 53 
1M 32 
540  
7 1s 

1 690 19 
2 6 8  
29 12 

11 527 39 
37 u 
33 49 

1 e5895 
Q 10 

10 474 00 
27 557 BB 

3w 47 
195 

36 28 
10 57 
25 91 

2-79  
10 xi 
66 05 

13 527 83 
215 25 

4 0 2  
434 

332394 
2 4  
15 Q4 

3 7p295 
5 S W  
u 45 

67 
19 c3 

5 966 31 
9531 60 
1% 51 

1 9 6  
39 54 
920 
17 93 

11 564 37 
61 58 

57027 
l o 6  387 06 

1013 07 
21 w 
24 03 

14 628 42 
1za9 
91 18 

2529171 
259 28 
235 49 

3 807 76 
a4 L8 

40 745 TO 
6465909 

976 53 
9 il 

150 26 
46 39 
95 69 

UGR 
UGA 
UGA 
UGA 
UGK 
UG 1 
UGR 
UGR 
U G R  
UGA 
UGA 
UGR 
UGA 
UGlL 
UGR 
UGA 
UGR 
UGR 
UGlL 
UGIL 
UGlL 
UGR 

c-9 



I 
1 

Table C-2 (cont') 

UPPER TOLERANCE LDrIITS BY GEOLOGIC UNIT 
GROUNDWATER. TOTAL METALS (cow) 

WALYTE 

ALUMINUM 
AKnM0N-f 
ARSENIC 
B I R l U M  
C U C I U M  
CESIUM 
CHROMIUM 
C O P P E R  
lRON 
LEU) 

L l M l U M  
MAGNESIUM 
U N G A N E S E  
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

OEOLOGIC S M P L E  PERCEKT STANDARD 
UNIT SIZE N DmCTS MEAN DEVIATION W l W  UTL UNITS 

KAR 37 
KAR 35 
KAR 35 
KAR 36 
U R  37 
KAR 35 
w 56 
KAR 36 
KAR 37 
w 36 
UAR 37 
UAR 37 
MR 37 
KAR 37 
KAR 24 
KAR 55 
KAR 37 
KAR 36 
KAR 20 
MR 37 
KAR 37 
K4R 36 
KAR 37 
KAR 36 
KAR 36 

91 89 
31 43 
54.29 
w 11 
1w 00 
25 71 
3e.W 
61 11 
a50 
61 11 
a6 49 
a59 
66 49 
27 03 
i-22 
3429 
89 19 
3 3 3  
loooo 
loo 03 
97 39 
27 70 
29 73 
69 U 
D7 22 

1'291 87 
ls.62 
2 7 8  

113 95 
3638z4.3 

131 3 
5.25 
11 99 

22jo 92 
302 
406s 

6 679 46 
61 87 
0 13 
18 59 
8 70 

2.w 38 
119 

9 427 50 
119 228 38 

399 70 
140 

27 46 
10 4 3  
52.45 

2m 4.3 
10 44 
2 0 2  
51 Q7 

23 881 47 
175 16 
4 81 

21 a2 
3 m 7 u  
429 
2929 

So5061 
125 21 
0.05 

33 45 
7 2 5  

1 725 69 
063 

6631 12 
1 5 1 U 4 3 3  

312 58 
1 %  

31 18 
11 26 
51 31 

< 

l o w 7  I t  
55% 
P 51 

286 27 
115 1% 79 

715 62 
20s 
8434 

14 432 11 
la 06 

137 26 
23.288 40 

474 7s 
0 28 

129 48 
3269 

8 5 5 8 7 7  
3.27 

34635.m 
%42216 
143050 

656  
1 3 0  28 
47 75 
PZM 

UGR 
U G R  
UGR 
UGR 
U G R  
UWL 
UCUL 
U c i n  
UGA. 
UGR 
UWL 
UWL 
UGJL 
U5R 
UGR 
UGR 
UGR 
UGR 
UWL 
UGlL 
UGtl 
UGtL 
UGlL 
UGA. 
UGJL 
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I Table C-3 Groundwpater UTLs by geologic umt for dissolved radionuclides 

* 

UPPER T O L E W C E  LIMITS BY GEOLOGIC U” 
GROUNDWATER, DISSOLVED WVIIONUCUDES 

QEOLOGIC W P L E  PERCENT STnNOARO 
ANALYTE UNIT S E N  DETEcrS MEAN DWUTION UTL w / w  UNITS 

C E S I U M 1 3 7  COL 2 loo 00 O X  0 4 2  7173 PCJL 

RIDIUM 226 COL 1 5  loo 00 0 2 1  0 1 0  064 PCJL 
S T R O N n U W  w COL 23 1 0 0 0 0  025 0 2 4  1 1 3  P W  
nrnuu COL 31 1 0 0  00 76 1 2  lo9 42 4 5 0 4 a  p c a  
URANIUUZU2LLU ML 30 1 0 0  00 3 1  P MU 2x34 P W  
U W I U M  m COL 30 im 00 OW 1 3 9  563 PCM. 
UFUNIUM-238 COL 24 1GQm 2670 4 2 1 3  lM03 pcJL 

CESIUM-137 RFA 1 5  loo 00 0.27 029  1 4 8  pCUL 
GROSS ALPHA RFA a2 loo 00 059 O W  302  PCJL 
OROSS BETA RFA 76 loo 00 166 1 5 2  6 28 P U R  

GROSSALPHA COL 30 loo 00 4 1  31 70 7D 3128.5 p U  
Q R O S  B R A  COL 27 loo 00 1 7  51 29 87 1 2 3 0 4  p W  

R A D I U M P d  RFA 2 1 0 0  00 0 1 7  004 7 01 pCiA 
F U D I U M - P I  RFA 2 loo bo uo 0 42 b 95 p C A  
S T R O N T I U M d o  90 RFA 8 1  loo 00 027 0 23 0 98 pClR 
m m u M  RFA 63 loo 00 1 6 3  03 223 01 E 4 1  20 pCiA 
UR4NIUM 2332% RFA 7 loo 00 0.23 0 2 1  O M )  pCVL 
U l U N l U M  235 RFA 70 loo oo 003 0 07 0 23 PCJ1. 
U R W I U M 2 3 d  RFA E 3  loo 00 0 1 4  0 14 056 P C A  

C E S I U M - 1 3 7  M A  1 7  1 0 0 0 0  0 5 4  0 7 1  3 43 p c i n  
GR03S ALPM VFA 59 loo 00 293  3 1 7  1 2  El pCdL 
GROSS BETA VFA 55 loo 00 3 2 3  1 6 9  8 5 4  pCdL 
R4DIUh4-226 VFA 13 1ww 0 3 1  r o l l  0 81 PC3L 
FUOlUM 23 M A  4 lo3 00 ZUI 062 9 76 pC4L 
S T R O H T l U M d 9  W VFA 59 1 0 0  00 0 49 0 38 i 5a pCJL 
TRITIUM VFA 42 1 0 0  00 1 1 5  03 1 3 7  64 5 4 9 2 6  pCi/L 
U R 4 N I U M 2 3 3  234 VFA 60 100 00 2 05 zn 10 80 pCilL 
URANIUM 235 VFA 60 l W W  0 08 0 1 2  0 47 PCdL 
U W I U U  2 3  VFA 49  1 0 3  03 1 6 6  2 30 8 92 PCllL 

C E S I U M 1 3 7  wcs 4 1 0 0  00 0 32 020 2 86 PCllL 
GROSS ALPHA wcs 4 1  rw 00 7 70 5 95 26 47 PCIIL 
GROSS BETA wcs 3L) 1 0 0  00 4 85 322 1 5  4 1  PCI/L 
RhOlUM 226 WCS 6 1 0 0  00 0 32 006 0 78 P C A  
STRONTIUMdO 90 WCS 1 7  l 0 3 W  0 24 0 24 1 2 1  PCdL 
mmuu w s  29 1 0 0  00 3 4 2  1 1 8  w 383 30 pCdL 

nu PCA URANIUM ~~ WCS 59 1w a3 E 5 9  2 1  c6 
URANIUM-235 WCS 39 1 0 0  00 020 0 51 I aa PCJL 
U I U N I U M - t 3 d  WCS Js 1WW 3 5 4  3 1D 1 4  17 PCIK 

C E S I U M  1 3 7  
GROSS ALPHA 
GROSS BETA 
M D l U M  ab 
S T R O N T I U M 4 9  W 
m I U M  
U M N I U M  233 234 
U F M l U M  235 
UR4HIUM 2 9  

MR 
KAR 
KhR 
KAR 
KAA 
KAR 
KAR 
KAR 
KAR 

4 

M, 
54 
2 

42 
4 9  
57 
57 
54 

lo3 00 
1ww 
1ww 
la3W 
100 a3 
100 03 
103 M 
1 0 3 0 0  
100 03 

022 
3 13 
3 23 
1 72 
0 47 
SeJ3 
1 6 4  
003 
On 

0 3 0  
6 2 4  
2 M  
1 7 8  
1 1 9  

1 3 5  W 

0 0 6  
1 5 3  

2 e5 

3 9 2  
P 81 
1 2 1 9  

S l  75 
4 21 

405 n 
10 s3 
0 23 
5 5 8  
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Table C-4 Groundwater UTLs by geologic umt for rota1 radionLziides 

r -? 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNlT 
GROUNDWATER, TOTAL WDIONUCLIDES 

I ' ANALYE 

AMERICIUM241 
CESIUM137 
QROSSALPXA 
GROSS BETA 

siRomuM89,sK) 

URANIUM233.234 
U ~ I U M - 2 s  
UR4NIUM.238 

PLUTONIUM-239 240 

mmuM 

AMERICIUM 241 
CESIUM137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM238 
PLUTONIUM 239,240 
STF(ONrIUM~9,90 
mmuM 
UPANlUM-2Z3 234 
URANIUM 215 
URANIUM 238 

AMERICIUM-24 1 
CESIUM 137 
GROSS ALPHA 
moss BETA 
PLUTONIUM-233 
PLCTTONIUM-239 240 
STROKTIUM-89,90 
T2ITlUM 

URANIUM-23S 
URANIUM-233.234 

URANIUM-238 

GEOLOGIC SAMPLE PERCENT STANDARD 
UNIT SIZE N DETECTS MEAN DEVlATlON UTL 8 9 / 9 9  UNmS 

COL 2s 100 00 000 000 0 01 PCJL i 
COL 23 10303 0 18 0 35 1 4 9  p&'L 1 

COL 6 10303 01 55 05 25 70679 pCJL i 
COL 26 10303 0 01 0 01 004 pcJL i 

COL 6 100 03 150 35 142 75 1,19738 pCdL 1 

cot 7 10303 0.26 0 11 0 9s pcl/L ! 
COL 17 10003 201 15 193 39 98182 pwL 

C3L 8 10303 2 14 2 39 18 03 PWL 
COL 6 10303 3604 464a 376 92 PCA  

COL 8 103 00 5a 74 6683 44699 pG,L 

RFA 
RFA 
RFA 
F-A 
RFA 
RFA 
RFA 
AFA 
RFA 
RFk 
Rik 

82 
75 
5 
5 
7 

85 
13 
21 
12 
12 
11 

103 00 
10303 
10003 
10003 
10303 
10303 
103 00 
103 00 
10303 
10303 
I 0 3  03 

0 01 
O D 8  
189 
2 2s 
000 
000 
0 11 

226 72 
0 48 
0 12 
0 40 

0 01 
0 33 
128 
148 
000 
O M )  
0 21 

337 18 
0 45 
0 23 
0 50 

0 03 pcdL 
109 PCA  

13 30 PCJL 
15 45 pCJL 
0 01 pCiK 
0 01 PCI/L 
104 pCdL 

1,386 83 pCA 
2 58 pC1'L 
1 P5 pClL 
2 83 pc I. 

VC'A 

V iA  
VFA 
M A  
ViA 
VFA 
M A  
VFA 
VFA 
M A  
VFA 

56 
U 
7 
7 
6 

62 
8 

27 
7 
7 
2 

10305 
10303 
103 03 
10303 
103 03 
103 03 
10003 
103 ca 
10303 
10303 
103 03 

0 01 
0 10 
3 66 
4 5 4  
0 01 
0 01 
0 43 

142 96 
158 
0 10 
123 

0 01 
0 33 
205 
2 83 
0 01 

004 
0 37 

183 22 
100 
0 10 
1 23 

0 c5 
1 0 5  

16 84 
22 55 
0 09 
0 12 
2 %  

779 97 
8 01 
0 73 

223 18 
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Table C-4 (cont') 

I UPPER TOLERANCE LIMITS BY GEOLOGIC UMT 
GROUNDWATER, TOTAL RADIONUCLIDES (COW') 

GEOLOGtC SAMPLE PERCENT STANDARD 
ANALYE  UNT SKEN DETECTS MEAN El"TlON Ll7-L 89 /99  UNITS 

AMERICIUM-241 
CESIUM137 
QR(3SsALPHA 
GROSS BETA 
PLUTONIUM239.240 
PADIUMPG 
STRo".Jh449 90 

URANIUM 233234 
URANIUM235 
UWIUM238  

m m u M  

AMERICIUM 241 
CESIUM137 
GROSS ALPHA 

PLUTONIUM238 
PLUTONIUM 239 240 
FMDIUM 226 
STRONTIUM49 90 

UiLANlUM 233 234 
URANIUM 22s 
Uitc\NIUM 238 

Gil0s.s BETA 

nmuu 

WCS 20 
WCS 14 
WCS 5 
WCS 5 
WCS 21 
WCS 4 
WCS 4 
WCS 1Q 
WCS 8 
WCS 8 
WCS 3 

KAR 4 3  
KhR 39 
KAR 6 
KAR 6 
WIR 5 
u a  48 
u a  3 
u a  4 
KAR 16 
KhR 4 
KAR 4 
KAR 2 

10000 
lDo00 
10000 
10000 
10000 
103 00 
10000 
loo 00 
10300 
10000 
10303 

0 01 
028 
12 65 
827 
000 
036  
005 

7 48 

5 11 

2,128 76 

028 

10300 
10000 
10000 
10000 
10300 
10003 
10300 
10300 
10000 
10300 
10003 
100 00 

0 01 
003 
11 08 
12 01 
0 01 
0 0 0  
0 59 
0 10 
62 93 ' 
O i 7  
0 03 
0 25 

0 01 0 07 
036 
12 4 6  
5 11 
000 
0 15 
0 26 

8,837 88 
630 
026 
4 9 6  

186 
124 W 
53 95 
0 02 
2 1  Q 
3 2 5  

36,918 Q 1  
44 13 
181 

123 65 

0 02 
0 2 9  
16 63 
13 45 
0 01 
0 01 
0 45 
026 
357 23 
0 57 
0 02 
0 26 

0 07 
0 93 

13308 
110 67 
0 14 
0 G2 
11 33 
3 2 4  

1 s n r o  
7 79 
0 27 
48 13 
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UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 
GROUNDWATER, WATER-QUAI W PARAMETERS 

ANALYTE 

BICARBONATE 
CHLORIDE 
FLLJORIDE 
Nl-FATUNlTRll-E 
ORMOPHOSPWITE 
PHOSPHORUS 
SIUW 
SULFA= 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED S O  JD! 

BICARBONATE 
CHLORIDE 
FUORIOE 
N r n T E / N r l R f T E  
NiTRE 
ORTHOPHOSPHATE 
PHOSPHORUS 
SlUCA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLID: 

BICARBONATE 
CHLORIDE 
CYANIDE 
FLUORIDE 
Nl7AWNITRITE 
NITflrT-E 
ORTHOPHOSPHATE 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOUDS 

GEOLOGIC SAMPLE PERCENT STANDARD 
UNm SEE N D E T Z T S  MFAN DSVITION 63/99 Lm UNIT'S 

COL 52 10000 393 071 94 175,851 17 84868239 UG/L 
COL 42 10300 10,114 29 10,104 20 49,99305 UGR 
COL 51 10000 1,053 73 536 87 2,747 56 UGIL 
COL 56 a29 1,68375 3,700 64 13,35928 UGR 
COL 27 4815 1 1  93 748 3034 UGK. 
COL 10 4000 3050 2986 181 98 UGIL 
COL M 10000 12,037 35 6,549 SO 32.701 34 UWL 
COL 4a 10000 215,566 67 264,98047 1,051,58004 UGIL 
COL 52 lW00 687230 TI 409,401 70 1,978 893 12 U G L  
COL 52 6731 10,038 46 24 207 00 W411 55 UG/L 

R iA  
RFA 
RFA 
R iA  
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
R iA  

114 
95 

108 
115 
23 
81 
22 

105 
103 
115 
1 1 1  

10000 
91 58 

97 39 
4348 
56 79 
68 18 
10000 
99 03 
10300 
66 49 

m3o 

114,85908 
0,707 57 
30639 
14426 
33 13 
14 44 
44 27 

15 073 61 
22 2-94 47 
189,817 39 
182,682 68 

56,766 07 
13,538 26 
Bo 85 
765 26 
5344 
12 92 
49 43 

8 274 40 
19,440 47 
94,386 W 

324 207 01 

247.1 25 88 
40,251 63 
518 Ds 
3231 31 

229 87 
53 73 
P 8  50 

35 152 97 
67,680 75 

409 738 67 
961,367 C2 

UGR 
UGK. 
UGIL 
UGK. 
UGR 
UGR 
UGR 
UGiL 
UGR 
UGA 
UGlL 

VrA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
M A  
VFA 
MA 
VFA 
F A  

76 
67 
21 
75 
71 
12 
54 
15 
76 
69 
76 
72 

10300 
97 01 
28 57 
97 37 
65 28 
25 03 
55 55 
46 67 
10000 
103 03 
la3 a3 
88 89 

242 462 09 
16,061 19 
9 39 

535 27 
202 08 
19 17 
17 82 
44 67 

15 I64 53 
54,486 s5 
334,744 54 
90 727 64 

116731 17 
12,727 88 

5 70 
186 31 
257 28 
15 05 
27 W 
42 49 

8599W 
74,995 26 
167,754 49 
141 259 37 

597,441 !3 
54 766 69 

33 92 
1071 62 
984 46 
8090 
103 13 
224 10 

41 515 99 
282547 55 
W6855-V 
52329738 

UGIL 
UGIL 
UGR 
UGR 
U Y L  
UGIL 
UGA 
UGA 
UGA 
UGR 
UGL 
UGA 
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I Table C-5 (conf) 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 
GROUNDWATER. WATER-QUALTTY PARAMETERS (CONT') 

A N A L Y E  

BIURBONATE 
CHLOFUDE 
CYANIDE 
FLUORIDE 
NITRATEEITEiTE 
NllRiTE 
O M P H O S P H A T E  
PHOSPHORUS 
SIUCA 
SULFA; E 
TOTAL DISSOLVED SOUOS 
TOTAL SUSPENDED SOUD! 

AUCAUNFTY AS c9CO3 
BICARBONATE 
CARBONATE 
CHLORIDE 
FLUORIDE 
~ T E ! N t l H f T E  
NlTRJ7-E 
omoPL.IosPHATE 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOUDS 
TOT& SOLIDS 
TOTAL SUSPENDED SOUDE 

GEOLOGIC SAMPLE PERCENT STANDARD 
U.NIT SIZE N DETECTS MEAN DEVlAllON 99/99 UTL UbiTS 

wcs 67 10000 255,472 87 134,489 69 664456C2 U G L  
WCS 53 a3 02 8,094 34 1123061 4452693 UCiL 
WCS 7 2857 / 10 00 7 07 5 5 3 4  
WCS 6s Darg m 3  69 595 09 2,703 37 
WCS 
WCS 
WCS 
WCS 
wc s 
WCS 
WCS 
wcs 

62 8710 
11 a64 
29 4483 
9 6667 

49 1 m w  
50 10003 
67 10303 
66 6970 

715 40 
28 82 
14 48 
26 89 

10.404 94 
131,00862 
40504030 
187,939 39 

1,067 15 
27 52 
11 52 
31 30 

6,489 24 
241,197 17 
375,073 93 
767,142 93 

U i  
161 71 U' 
5450 uc - 
187 58 UGiL 

3087848 UGR 
891,98569 UGA 

1,548,972 91 UGA 
2581,641 05 UGR 

3,960 61 

K4R 
KAR 
KAR 
U R  
KAR 
KAR 
KAR 

U R  

U R  
U R  
Kkil 
U R  

u a  

u a  

3 1mCo 
93 l o o 0 0  
92 2026 
79 9620 
92 9783 
90 7889 
16 5625 
54 61 11 
14 G29 
e3 1moo 
62 95 12 
94 10300 
5 8003 
M 7727 

335,166 67 
23354617 

3 3 1  8 77 
100 205 95 
459 35 
861 22 
190 62 
18 4 6 ~  

173 57 
8 On 25 

123,943 90 
565 138 30 
318 240 00 
403,085 23 

1@,234 46 
102,980 99 
4,245 24 

128 066 02 
465 34 
945 95 
295 19 
10 16 

264 99 
5,808 92 
250 872 10 
445 290 59 
356,657 98 
727 972 60 

4,13:,05944 
473 491 67 
13,210 17 

489,654 73 
2 033 58 
3 737 87 
1 407 78 

50 52 
122209  

25 742 17 
886,045 95 

1,582 665 30 
3 m 4 1 c  5s 
2 616,850 51 

UGA 
UGA 
UGA 
UGA 
UGA 
UGA 
UG/L 
UGtL 
UGtL 
UGtL 
UGlL 
UG/L 
U G R  
UGR 
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I 
Table C-6 Groundsaarer U T k  by flow-system for dissolved metals 

c 

r 

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM 
GROUNDWATER. DISSOLVED M ~ A L S  

ANALYTE 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
CADMIUM 
W C I U M  
CESIUM 
CHROMIUM 
COPPER 
IRON 
LEM 
U7HIUM 
MAGNESIUM 
UAHGANESE 
MOLYBDENUM 
NICKEL 
PHOSPHORUS 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
STRONTlUM 
T W U M  
nH 
VANADIUM 
ZJNC 

ALUMINUM 
ANTIMONY 
6 4 R I U M  
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COPFER 
CYhNIDE 
IRON 
LEAD 
LlTHlUM 
MAGNESIUM 
MANWNESE 
MOLYBDENUM 
NICKEL 
PHOSF'IORUS 
P O T S . S I U M  
SELENIUM 
SILVER 
SODIUM 
STROhTlUM 
THAWUM 
TIN 
VANADIUM 
ZlHC 

FLOW SAMPLE PERCENT STANDARD 
SYSTEM SUE. N D€l€CTS U U N  DNUTION m / w  UTL UNITS 

L M R  M 
LOWER a3 
LONER 59 
L M R  66 
LOWER 62 
LOWER 61 
LONER 51 
LOWER 6s 
LOWER €5 
L W R  67 
L M R  b4 
LOWER 66 
LOWER 67 
LOwER 67 
L M R  64 
L W E R  a 
LOWER 4 
LOWER 67 
LOWER 54 
LOWER 59 
LOWER 67 
LOWER 66 
LOWER 56 
L M R  65 
L W E R  65 
LOWER 67 

7a.79 
4444 
49 15 
6636 
22.s 
103 00 
2963 
26 15 
27bo 
79 10 
20 31 
81 a2 
97 01 
71 $4 
u 13 
23 W 
100 00 
89 55 
2sw 
28 81 
1w 00 
1ca  00 
21 43 
400 
5692 
ass 

48 81 
15 50 
2 4  1 
M 18 
176  

5csJsLu 
160 88 
3 97 
4 17 

33 67 
1&3 

3653 
6 07216 

929 
16 b6 
5 81 

174 75 
2731 18 

1 3 4  
2 69 

142 01269 
36302 

1 7 2  
23 07 
6 71 
10 96 

4402 
9 17 
1 70 

21 79 
133  

25 W7D 
17D 94 
3 15 
3a3 

3 5 3 2  
5 27 

27 64 
406756  

7 24 
27 01 
6 %  
8565 

161239  
l o 9  
2 0 1  

133 521  56 
294 27 

187  
25 30 
760 
1c 20 

182  67 
43 37 
7 T f  

1% u 
584 

106 159 M 
RD 59 
13 55 
15 e2 

1 4 1  C 6  
17 83 
123 21 

I 8 4 1  63 
31 31 
D900 
24 86 

12356.5 
7 M 46 

4 78 
D C J  

SY 1.3375 
12nw 

7 62 
100 01 
29 81 
4 1  99 

UWL 
UGR 
UGR 
UGR 
UWL 
UGR 
UGR 
UGR 
UGlL 
UGlL 
UGA 
UG/L 
UGR 
UG/L 
UGR 
UGlL 
UGR 
UGR 
UGIL 
UGR 
UGR 
UGR 
UGR 
UGlL 
UGIL 
UGR 

UPPER 246 
UPPER 248 
UPPER 256 
UPPER 240 
UPPER 25s 
UPPER 21 1 
UPPER 250 
UPPER 2 4  
UPPER 3 
UPPER 255 
UPPER 251 
UPPER 253 
UPPER 2u 
UPPER 255 

UPPER 236 
UPF a 8 
UPPER 252 
UPPER 219 
UPPER 235 
UPPER 254 
UPPER 252 
UPPER 212 
UPPER 235 
UPPER 249 
UPPER 256 

UPPER 24 1 

7764 
48 39 
BJ 59 
2208 
1 0 0  03 
21 33 
5600 
39 1 1  
5333 
76 4? 

23 90 
75 20 
05 €5 
60 7 8  
37 3r 
2263 
103 03 
81  -5 
31 S 6  

21 51 
99 21 
P2w 
ZZ 17 

4 2  9% 
H6.5 
85 4 ?  

59 52 
17 34 
E3 42 
1 7 3  

55 414  55 
202 20 

4e-4 

5 01 
5 8 3  
5626 
1 5 9  

33 95 
10 038 28 

27 47 
19 64 
7 01 

167 00 
1371 53 

5 %  
2u 

32 012 98 
323 60 

1 6 4  

3395 
7 92 

1 4  (u 

87 29 
1 1  10 
3 4 5 6  

1 2 3  
32% 1 1  

285 69 
3 8 0  
4 42 
3 82 

113 44 
4 71 
5430 

8 309 40 
67 43 
33w 
7 18 
52 43 

l o 6 9  01 
19 07 
2 12 

43 667 67 
303 35 
la 

37 34 
E 73 
I ?  87 

262 91 
43 23 
153 s4 
4 6 6  

131 288 91 
867 87 
13 69 
15 32 
97 c9 
320 57 
12 57 

1 6 4  17 
29 3p9 19 

la4 57 
pe 73 
23 73 
471 ?4 

2 862s 
53 02 
7 79 

133 7% 65 
103095 

5 u  
11795 

$5 66 
ze ~j 

UG/L 
UGR 
UG fL 
UGR 
UGR 
UGlL 
UGlL 
UGIL 
UGIL 
UG'L 
UGIL 
UGi'L 
UG L 
UGA 
UGIL 
UGA 
UGR 
UGIL 
UGiL 
UtlL 
u G/L 
UGIL 
UGP, 
UG:L 
U G R  
L C R  
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Table C-7 Groundwater U l z s  by flow-system for toral metals 

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM 
GROUNDWATER, TOTAL METALS 

ANALYE 

ALUMINUM 
ANTlUONY 
AFIS' YIC 
B W U M  
W C l U M  
c€UUM 
CHROMlUM 
C O P P E R  
lRON 
W 
LITHIUM 
UAONESlUM 
WGANESE 
U E R C U R Y  
UOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
S U C O N  
SODIUM 
STaONTIUM 
THAWUM 
TIN 
VAEUDIUM 
ZlNC 

ALU MI HUM 
AhTlMONY 
A R S E N I C  
aARIUt4 
U L C l U M  
C E S I U M  
CHROMIUM 
C O P P E R  
R O N  
LEAD 
LITHIUM 
L U C N E S I U M  
W N W H E S E  
M E R C U R Y  
MOLY EOENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
S i R O N T l U M  
W U M  
TIN 
VANADIUM 
DNC 

FLOW- 
SYSTEM 

LOWER 
LOWER 
LOWER 
LOWER 

LOWER 
L W E R  
L M R  
LOWER 
L M R  
L M R  
LOWER 
LONER 
LOWER 
LOWER 
LOWER 

LOWER 
LOWER 
LCnc'ER 
LOWER 
LOWER 
LOWER 
L OWER 
L W E R  

LChna 

LOrYEa 

SAMPLE PERCEHT 
S I Z E  N DmCTS 

37 91 au 
55 31 43 

36 86 11 
37 10000 
35 25 71 
36 sa0 
36 61 11 
37 9459 
36 61 11 
37 w 49 

37 w 49 
37 21 03 
36 4722 
35 3423 
37 au 19 
36 5333 
20 10000 
37 100 00 
37 97.24 
36 n 78 
37 29 73 
36 69 U 
36 97 22 

xi nzs 

37 m s  

MEAN 

1.7Q187 
1s 62 
2.76 

113 95 
XXKU 

131 59 
525 

11 m 
223 92 

3a2 
a m  

6 679 46 

61 I 7  
0 13 

18 59 
870 

2w Jd 
119 

9 427 50 
13 2 8  38 

329 78 
1 40 

27 4S 
10 u 
52.45 .- 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

147 
141 
138 
148 
149 
142 
143 
146 
147 
1 4  
149 
149 
146 
14.8 
150 
145 
1% 
144 

2 
149 
146 
la 
149 
148 

149 

95 24 
3830 
28 26 
81 76 

10000 
21 ci 
47 5s 
74 32 
97 96 
6929 
7 8  2 
97 32 
8986 
20 27 
5400 
37 24 

3056 

Daw 
89 04 
23 97 
54w 
Ti03 
91 95 

nu 

imw 

274280 
10 19 
1 95 

102 44 
5503023 

154 42 
7 01 

10 67 
3 017 2-4 

3 2 6  
33 75 

10 315 M 
79 59 
0 12 

24 09 
10 s 

1731 21 
4 57 

15 $64 97 
3QMl I5 

312 61 
1 67 

33M 
13 81 
37 16 

4 248 73 
12 85 
1 7 1  

45 37 

190 79 
6 6 8  

1221  
4 - 5 3  

364 
44 76 

795443 
loo 18 

OW 
39 47 
9 49 

1 176 59 
18 64 

10 797 2.3 
40 019 71 

271 C9 
1 7 6  

5555 
14 C9 
4s a3 

31 667 7a 

12 642 33 
49 14 

5 93 
208 1 4  

128 816 15 
617 60 

39 12 

11 75 

P sa 

14 654 XI 

147 37 
28 a n  11 

351 lw 
022 

116 04 

32 53 
4 4 7 2  65 

47 99 

44 3% 65 
123 327 7 3  
W 25 

5 3  
116 20 
4 6  64 
1 3  21 

UGlL 
U G R  
U G R  
U G R  
UGfL 
U G R  
U G R  
U G R  
U G R  
UClL 
UGlL 
U G R  
UGlL 
UWC 
U G R  
VGlL 
U J R  
UGlL 
U W L  
UGlL 
UGA 
UGlL 
UOlL 
UGK  
UGlL 

STANDARD 
DEVLATION WI99 VTL UNITS 

2773 43 
10 40 

io2 
51 UT 

23 M 1 4 7  
175 16 

4 61 
21 a2 

3,w7 u 
4 2 9  

z929 
503081 

125 21 
0 os 

5J 45 
7 2 5  

1 n5 69 
063 

6631 12 
13440435 

312 50 
1W 

31 18 
11 26 
51 31 

10 937 17 
x) 28 
9 51 

286 27 

715 62 
20% 
843.4 

1 4 4 3 2 1 1  
18 ob 

137 26 
23 2sc, 40 

474 75 
0 28 

129 4 8  

32 89 
853677 

3 27 
3483500 

502 42216  
1 0 0 5 0  

6 3 6  
1% 28 
47 75 

22256 

11513079  

U C R  
UGlL 
U G R  
UGfL 
U W L  
U G R  
U G R  
U W L  
U G R  
U G R  
U W  
U G A  
U W l  
U G R  
U G A  
UCV. 
U OR 
U G R  
U G L  
U G/L 
U G R  
U G R  
UGR 
U G R  
UGIL 
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Table C-8 Groundwarer UTLs by flow-system for dissolved ndionuclides 

UPPER TOLEUNCE LIMITS BY FLOW-SYS-Ehl 
I GROUNDWATER, DISSOLVED RADIONUCUDES 

I 

ANALYE 

CESlUhblJT 
GROSSALPHA 
QROSS BETA 
FUDIUU-226 
STF\oNTILILMo,w 
TRmUM 
UFW(IUM233.234 
URANIUUWLI 
U W l U M  238 

F L W -  
SYSTEM 

LONER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LWER  
LOWER 
LONER 

SAMPLE 
SIZE. N 

4 
60 
54 
2 

42 
40 
51 
5T 
54 

PERCENT STANOARD 
D r n c T S  M E A N  DEVlATlON vn 99tW UNtTS 

103 00 022 030 3 0 2  PCIA 
loo 00 3 13 6 24 2 - 9 1  PCJL 
10000 323 2M 1-19 PCdL 
10000 1 72 1 78 331 75 PGR 
10000 0 47 110 4.21 PCfl 
100 00 56M 1s m a n  PCJL 
loo 00 16.4 285 10 63 PWL 
100 00 0 0 1  006 0 23 PCJL 
100 00 on 1 U  558 PCJL 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

2 
38 

213 
1W 
36 
6 

1W 
165 
207 
207 
in 

100 00 
100 00 
100 00 
160 00 
loo 00 
100 00 
160 00 
loo 00 
100 00 
10000 
100 00 

0 01 
0 42 
855 
4 8 Q  
026 
212 
034 

101 70 
6 01 
020 
4 8 3  

0 01 
O S 3  
JzJ2 
1Z23 
0 11 
0 5 2  
0 31 

160 50 
2SU 
0 6 4  
17 67 

211 
214 
D3w 
37 2s 
O b J  
5M 
105 

578 70 
74 P 
188 

51 60 

Table C-9. Groundwater UTLs by flow-system for total radionuclides 

G9C JNDWATER II 
TOTAL RADIONUC'XES r 

FLOW SAMPLE PERCENT STANOARO 
ANALME SYSTEM SIZE N DETECTS MEAN ORrlATlON UTL 99/99 

AMERICIUM 241 
CESIUM 137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM 238 

WSIUM 226 
SlROKnUMdS W 

UFUNIUM 233 234 
URANIUM 235 
UR4NlUM 2 s  

PLUTONIUM-239 240 

mmuu 

LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 

43 100 00 
39 100 00 
6 100 00 
6 10000 
5 100 co 

4a 10000 
3 loa 00 
4 100 00 
16 1mw 
4 100 00 
4 100 00 
2 10000 

0 01 
000 
11 w 
12 01 
0 01 
000  
0 59 
0 10 

8 9 3  
077 
003 
035 

0 02 
0 2 9  
16 63 
1J 45 
0 01 
0 01 
0 45  
028 

367 23 
0 57 
0 02 
028 

0 07 
0 %  

133 08 
11067 
0 14 
0 02 
11 33 
334 

1577 10 
7 79 
0 27 

48 13 

PCJL 
pC1R 
PCllL 
PCltL 
PCdL 
pCJL 
pCiR 
PCltL 
PCJL 
pC1R 
pCdL 
PCllL 

AMERICIUM 241 
CESIUM 137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM 238 
PLUTONIUM 239 240 
RADIUM 2% 
STRONTIUM69 w 
TRmtw 
UR*NIUM f33 234 
URANIUM 235 
URANIUM 238 

UPPER 
UPPER 
UPPER 
UPPER 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

w E a  

18J 
156 
23 
23 
1s 

6 
32 
M 
35 
2.5 
z? 

in 

103 m 
1 m w  
lcooo 
rw a3 
100w 
10000 

1 m  00 
loa 00 

10000 
103 03 

100 00 

100 00 

0 01 
0 12 
rJ53 
24 95 
ow 

036 
C Z ?  

624 85 
15 62 
0 62 
10 &( 

om 

0 01 
0 3 3  
94 20 
5534 
0 01 
0 02 
0 13 
0 28 

4 246 75 
36 75 
138 

21 73 

0 C3 
100 

39056 
221 31 

O K 3  
0 0 6  

129 
115 

13 539 P 
144 83 
5 23 

114 17 

~ 
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Table C- IO Groundwater UTLs by flow-system for u ater-quality parameters 

UPPER TOLERANCE LIMm BY FLOW-SYSTEM 
GFIOUNDWATER. M ATER-OUAlJlY PARAMElERS 

ANALYE 

AMUNITY AS WC05 
BICARBONATE - 
URBONATE 
CHLORIDE 
FLUORIDE 
N m u r n r m r n  
Nmm 
ORMOPHOSPHATE 
WOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOUDS 
TOTAL SOUDS 
TOTAL SUSPENDED SOUDS 

ALKALlNrrY As cAca3 
BICARBONATE 
CHLORIDE 
FLUORIDE 
NITRATEfNllRITE 
H mm 
OXrHOPHOSPWATE 
PH 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SOLIDS 
TOTAL SUSPENDED SOLIDS 

FLOW MMPLE PERCENT STANDARD 
SYSTEM SUE N DETECTS UEAN DEVlATlON UNITS 99/99 UT[ 

LONER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
L M R  

3 
93 
92 
70 
92 

16 
54 
14 
e3 
82 

5 
b9 

Po 

w 

lo3 00 

28 8 
Obh? 
D7 Iu 
75 119 
56 25 
61 11 
6429 
la, 00 
95 12 
la, a, 
woo 
77.27 

io3 00 
1 6 0 2 3 4 6  
102QbOW 
4 245 24 

126 066 02 
a 3 4  
D U W  
295 19 
10 16 

5m92 
250 872.10 
445 290 5g 
356657w 
727 07280 

zwm 

4 134 059 44 
473 491 07 
13 210 17 

450 654 73 
2oJ3 5a 
3 737 57 
1 407 78 

50 52 
1 f p 5 0  

2574217  
Mb M5 95 

lWE66538 
SX)641455 
2 616 5% 51 

UGR 
UGR 
UGR 
UG/L 
UGfL 
UWL 
UWL 
UGR 
UGR 
UGA 
U W L  
UGt 
UCR 
UCR 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPEil 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

3 
311 
257 
xw) 

305 
54 

191 
3 

56 
27 4 
27u 
310 

4 

301  

100 00 
lo3 00 
02 61 
9 67 
81 64 
37 04 
5J 40 
1co 00 
57 14 
1cow 
9964 

lo3 a, 
75 w 
50 07 

156 901 00 
223 Bo: 08 
12241 67 

611 07 
1 0 4 3 4  

27 $4 
15 OS 
7 17 

39 45  

1 4  082 92 
86 370 14 

355 495 u 
24 025 03 
133 395 u 

158 643 41 
151 717 54 
12930 51 

47204 
180766  

38 25 
17 47 
046 

41 60 
8075% 

174 613 96 
312 010 29 

429 323 06 
36 789 9a 

39477735.3 
57730904 
42 589 76 
1710  92 
5 260 65 

146 61 
55 76 
18 20 

170 70 

493 220 67 
1 082 479 11 
479 752 89 

1 133 721 25 

32 a99 91 

LJWL 
UGA 
UGR 
UGR 
UGR 
UG/L 
UGiL 
UGC 
UGR 
UG'L 
UG'I 
UClL 
UG I 
UGA 
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Table C-11 Geologic marenal UTLs by geologic urut for tomi metals 

UPPER TOLERANCE LIMIT3 BY GEOLOGIC UNIT 
GEOLOGIC MATERIALS, TOTAL METALS 

ANALME 

ALUMINUM 
ARSENIC 
BARIUM 
BEFWLLIUM 
UDM lUM  
CALCIUM 
CESIUM 
CHROMIUU 
COBUT  
COPPER 
IRON 
LEAD 
LrnIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SfRONnUM 
'TIN 
VANADIUM 
ZINC 

ALUMINUM 
ARSENIC 
M R l U M  
BERYLLIUM 
CADKIUM 
CALCIUM 

GEOLOGIC- SAMPLE PERCENT STANDARD 
UHIT S L E  H DETECTS MEAN DEVIATION 99/89 UTL UNITS 

COL 28 
COL 28 
COL 28 
COL 28 
COL 26 
COL 28 
COL 24 
COL 26 
COL 28 
COL 28 
COL 28 
COL 28 
COL 26 
COL 28 
COL 28 
COL 27 
COL 28 
COL 28 
COL 27 
COL 19 
COL 28 
COL 23 
COL 28 
COL 28 

1w 00 
C6 71 
100 00 
w 43 
57m 
loo oo 
75 w 
100 00 
2500 
MU 
10000 
10300 
28 57 
78 57 
100 00 
P P  
raw 
35 71 
P22 
4211 
85 71 
2809 
loo 00 
100 00 

10 %1 u 
357 
123.20 
5 47 
O W  

0 W 1 4  
20624 
13 79 
8 11 
14 67 

15 028 07 
1623 
8 5 2  

2987 32 
101 87 
0 18 
16 97 
979 61 
0 85 
5 8 5  

5592 
87 36 
30 31 
m 13 

4 W 9 5  
174 

et05 
5 47 
0 42 

63C 14 
w w  
566 
3 87 
544 

671528 
462 

15nOQ 
160 26 
020 
8 28 
721 56 
0 65 
9 46 
27 04 
147 51 
12 23 
21 92 

7m 

27b6l M 
96S 

462.57 
24 62 
2 3 5  

31 386% 
413 26 
34 31 
19 S6 
33 8? 

U S 4 5 1  
3240 
3499 

8 513 05 
7s 10 
O M  
45 07 

350578 
3 IS  
4268 
153 a 
63.3 37 
73 15 
132 87 

M G K G  
M G K G  
M G K G  
MWKG 
M G K G  
UGIKG 
MGMG 
MGlKC3 
MGKCl 
MGIKG 
MGIKG 
MGlKCl 
MGlKCl 
MGIKG 
MGIKG 
M GIU G 
M G K G  
MGIKG 
MGIKG 
MGtKG 
MGlKG 
MGIKG 
M G K G  
MGIKG 

RFA 62 10000 13 ms 95 13 657 25 55 097 66 MGtKG 
;=A 62 6935 4 15 5 70 21 48 MGtKG 

;A 62 8387  M 46 100 14 386 97 MGiKG 
RFA 62 07 10 4 65 466 18 83 MGIKG 
RFA 46 4783 O W  0 48 236 MGIKG 

MGIKG RFA 62 8226 6 i  402 61 19 969 15 6 676 41 
CESIUM ' RFA 62 7581 &42 m 337 12 1 267 28 MGtKG 
CHHOMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
UAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SILVER 
STRONTIUM 
VANADIUM 
ZINC 

RFA 62 
RFA 62 
RFA 62 

RFA Q 
RFA 62 
RcA 62 
RFA 62 
RFA 62 
RFA 5( 

RFA 59 
RFA 61 
RFA 55 
RFA 62 
RFA 62 
RFA 61 

loo 03 
354.8 
87 10 

100 00 
103 00 
5968 
5806 
10300 
42 59 
BB 14 
27 87 
30 91 

3305 

Q3U 

snn 

Po0 
8 ' 6  
11 66 

14 3 7  10 
9 0 5  
14 XI 

248224 
235 92 
029 
23 35 

154533 
2 48 
77 93 
3203 

29 97 

30 1s 
13 16 
15 59 

16 125 79 
7 07 
1265 

4 093 78 
417 44 
0 8 0  
25 45 

3 036 93 
5 55 

87 m 
34% 

61 25 

113 n 
48 79 
59 10 

63 xu\ 67 
3 0 %  
53 41 

14 931 58 
1 %os?& 

2 8 1  
103 63 

10 780 53 
19 99 

JL2 55 
138 JJ 
216 23 

MGIKG 
MGlKG 
MGIKG 
MGIKG 
VGIKG 
MGtKG 
MGtKG 
MGIKG 
MGMG 
M 3 i K G  
MGiKG 
MGIKG 
KGtKG 
MGMG 
MGIK; 

-- -- 
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Table C-11 (cont') 

t F 

UPPER T O L E W C E  LIMITS BY GEOLOGIC UNIT 
GEOLOGIC MATERIALS, TOTAL METALS (CONT') 

ALUMINUM 
A R S E N I C  
BARIUM 
B E A Y W U M  
C M M I U M  
W C I U M  
C E S I U M  
CHROMIUM 
COPPER 
IRON 
LEU) 

L U G N E S I U M  
IOINOANESE 
NICKEL 
SELENIUM 
SILVER 

VLLHMIUM 
D N C  

nti 

- 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
C4OMIUM 
G U C I U M  
CESIUM 
CHROMIUM 
C O M L T  
C O P P E R  
IRON 
1-0 
U f H l U M  
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
SELENIUM 
SILVER 
STRONTIUM 
VANADIUM 
ZINC 

OEOLOGIC M M P L E  PERCENT STANDARD 
UNIT SEE. N DETECTS MEAN DEVIATION m / w  WL UNITS 

WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
W C S  
WCS 
wcs 

8 
Q 
Q 
Q 
Q 

Q 
Q 
Q 
Q 
Q 
0 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 

100 00 
77 78 
Man 
1w00 
tzp 
W 67 
1M OQ 

100 OQ 

100 00 
loo w 
100  03 
5555 
1 m  w 

W 67 
100 m 

loo 00 

io3 60 

io0 oo 

lo3 00 

14,18125 
294 

r 3 57 
063 

2 2 1 3  33 
214 8Q 

XI 70 
1214 

14- 
6 6 8  

203j BQ 
171 M 
15 31 
1 9 ;  

24 29 
276 00 
31 42 
23 62 

M a i  

5 02323 
1 5 5  

16 27 
1 0 9  
0.27 

135605  
599 
593 
5 91 

4 m m  
3 15 

1 2 u 5 6  

6 87 
1 2 5  
6 M  

& 3 0 4  
11 01 
8 3 0  

w 17 

43 37523  
1 1  27 
m40 
P 45 

w 
QL-JQ3 

247 16 
528s 
400 

23 66 
8,7M 12 
?ob 30 
5231 
a 71 
61 66 

628 52 
W 76 
6834 

xi in 70 

MGIKG 
MGIKG 
M G K G  
MGfKG 
MGIKG 
MGIKG 
MGlKG 
MGIKG 
MG/KG 
MWXG 
M WKG 
MGKG 
M G K G  
MGKG 
MGlKO 
MGIKG 
MGIKG 
U G K G  
MGIKG 

KAR 21 
KAR 21 
KAR 21 
KAR 21 
KAR 19 
KAR 21 
K4Fl 16 
KAR 21 
U R  21 
KAR 23 
KAR 20 
KAR 21 
KAR 21 
KAR 21 
U R  21 
KAR 21 
KAR 19 

KAR 19 
KAR 16 
KAA 21 
KAR 23 
KAR 21 

1mw 
66 67 
95 24 
loo oo 
57 119 

gJ 75 
loo oo 
23 81 
loo w 
100 03 

loo 03 
28 57 
65 67 
loo 03 
3333 
M 21 
31 58 
2500 
m a  
POW 
la, 00 

io0 m 

7 (8260 
3 72 
P940 
3 35 
0 8 3  

5 4 7 7  14 

P 3  62 
8 91 
6 74 
15 76 

1 2 =  25 
i a  P I  
7 17 

2053 71 

0 23 
18 78 
090 
372 
8950 
23 70 
60 24 

171 w 

2681 30 
3 2 8  

55 10 
I 3 16 

0 37 
1831 78 

31 26 
2.98 
720 
5 93 

6 7 s J 3 0  
6 19 
8 39 

1.213 43 
183 74 
0 24 
13 39 
101 
6 2 2  
30 95 
8 76 

19 22 

1 7 6 0 8 6 3  
16 05 

307 51 
15 29 
2 28 

12 395 06 
352 X, 
20 18 
XIS4 
38 40 

46 542 32 
4229 
&¶e4 

6 636 37 
86S 82 

1 1 3  
7 0  90 
4 8 5  

29 37 
le6  40 
s 1 2 5  
132 82 

MGfKG 
MGIKG 
MGtKG 
MCIKG 
MGIKG 
MGIKG 
MGIKG 
HGIKG 
'JGIKG 
MCIIKG 
MGIKG 
MGIKG 
MGIKG 
M G K G  
MGlKG 
MG'KG 
MGIKG 
MGlKG 
MGIKG 
MGIKG 
MGtKG 
UGIKG 
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Table C-12 

UPPER TOLER4h'CE LIMITS BY GEOLOGIC Uh'IT' 
GEOLOGIC MATERIALS, TOTAL RADIONUCLIDES 

Geologic matcnal UTLs by geologic Urn1 for total r:dionuclides 

S A M P L E  P E R C E N T  STANDARD 
ANUYTE G E O L O G Y  SIZE N D E T E C T S  V DEVIATION UTL 99/99 UNITS 

C E S I U U - 1 3 7  
GROSS ALPM 
GROSS BETA 
PLVTONIUICZQ24Q 
w1uM-m 
M U M 2 2 8  
S T R o N n U M 6 0  90 
T R l l l U M  
URu.I IUM. TOTAL 
U R W I U L c 2 3 1 2 1 (  
U R A H I U M - 2 U  
U R * N I U M - a a  

C O L  
C O L  
COL 
COL 
COL 
C O L  
C O C  
COC 
COL 
COL 
COL 
COL 

21 

28 
28 
28 
21 
21 
28 
28 
28 
2% 
a 
28 

la, a, 
100 00 
1ww 
1 W W  
100 rn 
looW 

1 W W  
10000 
100 00 

io0 m 

i o 0  OQ 

imw 

0 01 
31 Q5 
n m  
0 01 
1 07 
157 
4 01 
6214 
l B 6  
7 1 4  
OM 
OW 

O M  

3 s  
0 01 
0 18 
0.29 
035 

lcm 16 
0 73 
1% 
006 
034 

aw 
0 17 
63 10 
39 32 
003 
1 7 7  
2 6 5  
124 

U3w 
4 41 
668 
0 24 
215 

AMERICIUM241 RFA 2a 1wm 400 0 01 0 0 2  PCUU 

CROSS ALPHA RFA €2 10000 P32 8 18 47 21 PClJP 
G R O S S  BETA RFA 62 1 0 0 0 0  21 1 0  6 75 4462 PCJO 

O W  0 01 0 02 P C J O  P L U T O N I U M 2 3 9  240 RFA 62 1ww 
RADIUM z a  RFA 56 10000 063 0 10 0 %  P C U P  
F U D l U M  228 RFA 9 loom 1 3 4  0 31 232 PCVO 
S T R O N T I U M d S  90 RFA 62 1rnW 0 0 3  035 l f )  P C J O  

17290 l a 6 8  5.(S w P C J O  
UFUNIUM TOTAL RFA 62 10000 129 0 81 3 76 PCIIO 

UR4NIUJA-225 RFA 62 10000 0 01 003  0 11 PCllO 
U R A N I U M 2 3 8  RFA 62 1WW 064 030 1 i 9  PCllO 

C E S I U M 1 3 7  RFA i w w  0 0 1  OM 0 14 P C U Q  

TRl-nUM RFA K 1 0 0 ~  

064 0 46 204 PCJQ RFA 62 100W URcrNIUM 233234 

I 

I 
C E S I U M  137 
GROSS ALPHA 
G R O S S  BETA 
PLLtTONIUM 239 240 
W D I U M  2% 
RADIUM 228 
S T R O N T I U M  90 
TRlTlUM 
URANIUM TOTAL 
URPrNlUMZ33 W 
U W N I U M  235 
URANIUM 238 

WCS 
W C S  
WCS 
wcs 
WCS 
WCS 
WCS 
wcs 
WCS 
WCS 
WCS 
WCS 

9 
9 
9 
0 

4 
4 
Q 
9 
a 
D 
0 
9 

rmw 
10000 
loo03 
1oow 
100w 
loo 00 
1MW 
loo 00 
103 0 
1m 00 
lD0W 
10303 

0 01 
20 89 
21 89 
0 01 
0 6 8  
142 
0 17 

174 u 
136 
ow 
0 02 
0 7 3  

003 
5 8 8  
553 
0 01 
0 1s 
029 
ou 

114 47 
0 21 
0 12 
0 07 
0 12 

0 19 
5259 
51 70 
0 07 
253 
4 98 
2 %  

791 30 
2 %  
125 
038 
1 3 9  

C E S I U M - 1 3 7  
GROSS ALPHA 
GRCSS BETA 
P t U r O N I U M  239 240 
R 4 D I U M  226 
M D I U M  228 
S T R O N T I U M 4 Q  W 
T R f T i U U  
U I M l U M  TOTAL 
URANIUM 253 234 
URANIUM 235 
URANIUM 238 

KAR 
KAR 
KAR 
MR 
KAR 
KAR 
MR 
KAR 
KAR 
K A A  

KAR 
u a  

21 
21 
21 
21 
1 4  

1 4  
21 
21 
21 
21 
21 
21 

1033 00 
1 o o w  
100 00 
10000 
1ww 
10000 
100 00 

loo 00 
100 OQ 

1033 00 
100 033 

io0 00 

000 
29 98 
25 76 
OW 
109 
133 
4 11 
65 95 
196  
0 %  
OW 
0 98 

O W  
8 42 
3 e 5  
0 01 
0 12 
0 19 
036 

122 69 
064 
0 39 
0 0 8  
0 25 

ow 
61 78 
40 29 
003  
1 6 3  
2 14 

124 
5 t 9  32 

4 40 

2 42 
0 35 
1 9 2  
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b n 

UPPER TOLERANCE LIMITS BY GEOLOGIC UEIT 
GEOLOGIC MATERIALS, TOTAL WATER-QUAUN' PARAMETERS 

SAMPLE PERCENT STANDARD 
DEVLATION VTL m / w  UNITS A N A L Y E  G E O L O G Y  SIZE N D m C T S  M €AN 

PH COL a 10000 8.28 0 45 51 1 0  PH UNITS 
SULFIDE C O L  27 1 8  52 167  1 3 9  636 M G K G  

5 I10 4 PH UNlTS PH RFA 60 10000 7 97 On 
SULFIDE RFA 53 3208 227 302 3OWZ.97 MGlKG 

I 

NFIRATVNllRITE 

S U L F I D E  I pH 

PH 

WCS P 3333 1 0 8  0 6 2  4 u  MGlKG 
WCS 9 10000 7 4 1  0 18 5 1 9  PH UNITS 
WCS 9 P P  300 1M 600 MGlKG 

KAR 21 1 0 0 0 0  8 4 3  0 07 5 1 \ 1 7  P H U N I T S  
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Table C-14 Geolo$ic matenal UTA by flow-system for total metals 

ANALYfE 

' ALUMINUM 
j ARSENIC 
' BARIUM 

BEWLLIUM 
CADMIUM 
C4LCIUM 
CESIUM 

' CHROMIUM 
COEALT 
( OPPER 
IRON 
LEAD 
LFTHlUM 
MAGNESIUM 
MANGANESE 
M ERCUfiY 
NICKEL 
SE 'ENIUM 
SlLd'ER 
STRONTIUM 
VANADIUM 
ZINZ 

ALUMINUM 
ARSENIC 
BARIUM 

G4DMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
coPPEa  
laON 
LEAD 
LtTHlUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
STROKTIUM 
TIN 
VANADIUM 
ZINC 

BEWlLlUM 

FLOW SAMPLE PERCENT STAYCIAAD ' 
SYSTEM SIZE N DETECTS MEAN 891- UTL UNITS DEVIATION 

LOWER 21 1ww 7 482.60 2681 30 17 K% B3 MGIKG ~ 

LOWER 21 6667 3 72 3 2 6  16 05 MGIKG 
LOWER 21 9524 m a  55 10 307 51 MGIKG 
LOWER 21 1WW 3 35 3 16 15 29 MGI' G 
L M R  1 Q  S?CS 0 8 3  0 37 2 2 8  MGlKG 
LOWER 21 10003 54TI14 1831 78 12 395 ob MGlKG 
LOWER 16 a 7 5  223 62 31 26 s250 MGIKG 
L W E R  21 10000 8 01 298 20 18 MGIKG 
L M R  21 2381 6 74 7 2 0  so( MGIKG 
LOWER 2d lb3W 15 76 5 03 36 48 MGKQ 
LOWER 20 10000 12963 25 871338 46 502 32 MGlKG 
L (MER 21 10000 18 Q l  6 19 42  29 M WKG 
LOWER 21 2857 7 17 8 3 9  3804 MGlKG 
LOWER 21 W 6 7  2053 71 1 213 43 6 €36 37 MGKG 
LOWER 21 10300 171 Do la 74 e45 82 MGlKG 
LOWE? 21 3333 0 23 0 24 1 1 3  MGIKG 
LOWER 1Q e421 18 78 13 39 70 W MGKG 
LOWER 10 3150 090 101 4 a5 MGlKG 
LOWER 16 2500 5 72 622 29 37 MGlKG 
L w E a  21 m4a 69 50 30 05 186 4 0  MGIKG 
LOWER n woo 20 70 8 76 5c 25 MGrKG 
LOWER 21 10300 60 24 19 22 132 82 MG/KG 

UPPER 98 1 K I L  1275203 c 11 31057 39 105 66 MGIKG 
UPPER 99 7 4  is 38.9 4 63 14 66 UGIKG 
UPPER 99 8 8 8 3  95 46 65 46 321 20 u IKG 
UPPEil 99 93581 4 78 4 71 15 75 h ro 
UPPER a i  48 5 0 82 0 44 2 17 M J 'KG 
u m a  99 8506 6 951 09 16 215 59 1 4  733 4 1  MGMG 
UPPER 95 77 09 230 46 273 51 067 74 MGlKG 
UPPER 99 10900 19 61 24 33 76 30 MGlKG 
UPPER 99 X2.a 7 5 0  i o n  32 60 MGIKG 
UPPER 99 m g i  12 57 12 82 42 4 3  MGIKG 
UPPER 99 10000 1 4  531 90 13 257 27 45 421 4 2  MGIKG 
UPPER 89 100w 10 87 7 05 27 29 MGlKG 
UPPER 99 4545 11 76 11 45 3.3 45  MGlKG 
UPDER 99 6364 2w 42 3 365 51 10 426 06 MGIKG 
UPPER w 10000 217 64 341 96 1014 41 MGIKG 
UPPER 86 3372 0 24 064 220 MGlKG 
UPPER ~6 m a  20 73 20 74 69 05 MGIKG 
UPPER 98 2857 1311 57 244262 7 032 08 MGIKG 
UPPER &2 2 5 6  122 1 79 6 68 MGIKG 
UPPER W 4095 562 Q 46 24 39 MGIKG 
UPPER 99 4 3 4 3  b5 62 72 88 235 42 MGlKG 
UPPER s2 z?m 61 75 11228 323 37 UClYG 
UPPER 6-3 97 48 31 49 28 53 87 89 MSlKG 
UPPER 98 P592 3686 51 12 155 57 MGlKG 
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Table C-15 Geolo~ ic  matenal UTLs by flow-system for total radionuclides 

ANALYTE 

PH 

UPPER TOLERAhCE Llh?TTs BY FLOW-SYSTEM 
GEOLOGIC MATERIALS, TOTAL RADIONUCLIDES 

FLOW MMPLE PERCENT 8ANDARO I 

I 
I 

ANALME  SYSEM  SIZE N D-TCTS M E A N  WiATlON UT1 99'99 UNITS I 

FLOW SAMPLE PERCENT STANDARD 
SYSTEM SIZE N DETECTS M%N DEVIATION UTL 99/99 UNITS 

Lowia 21 r w w  8 L 3  0 87 11 73 Ph C d l 7  

CESIUM 137 
GROSS ALPHA 
GR3SS BETA 
PLUTONIUM 239.240 
FUDlUM 226 
W I U M  228 
STRONTlUMdO w 
m u u  
URANIUM TOTAL 
URANIUM233 234 
URANIUM 235 
URANIUM 238 

100 W o w  000 000 P W  ' LOWER 21 
LOWER 21 
LOWER 21 
LOWER 21 

LMR 14 1 0 3 w  
LOWER 21 
LOWER 21 
LOWER 21 
LOWER 21 

103w 29 98 3 4 2  61 ?3 POI0 
l W W  25 76 3 e s  4029 PCl& 
100 03 0 0 0  0 01 0 0 3  PCdD 

LOWER 14 1 W W  109 0 12 l a  PCJO 

10000 0 11 036 124 PWY 
1WW a 9 5  122 69 529 32 P w l  
10003 l P 6  OW 4 4 0  P W  
17300 OD6 0 39 2 42 PWO 

L M R  21 1 J W  OM 008 O S  PCJO 
LOWER 21 1 M W  0 B8 0 25 192 PWO 

130 0 19 2 1 4  PWO 1 

Ah4ERfCIUM 241 
CESIUM 137 
GROSS ALPHA 
GROSS BETA 
PLLllONIUM 239 240 
WDIUM 226 
MDIUM 228 
STRONTIUM-89 90 
TRITIUM 
URANIUM TOTAL 
UWNIUM 233 2 3  
UFUNIUM 215 
UFUNIUM 224 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

l a3  03 
1cm 00 
1WW 
103w 
10300 
10303 
1 w a 3  
103 03 
10003 
loo 00 
loo 00 
100 00 
100 M 

400 
0 01 

24 91 
24 72 
003 
0 75 
140 
0 0 3  

141 72 
146 
0 7 8  ~ 

0 02 
0 73  

0 01 
004 
Q 28 
6M 
0 01 
0 23 
0 32 
0 3 6  

125 75 
0 79 
0 93 
0 05 
0 38 

0 02 
0 11 

49 48 
40 75 
0 02 
145 
2 37 
0 98 

3 55 
3 25 
0 14 
173 

4 7 7  09 

Table C-16 Geologic rnaterlal UTLs by flow-system for total "water-qualiry" 
parameters 

1 UPPER TOLERANCE LIMITS BY FLOW-SYSTEM 

r I 

PH 
SULFIDE 

UPPER 97 10003 803  0 69 9 61 PH U N I T  
UPPER 88 2727 222 2 52 0 88 MGlKG 
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T Sle C-17 Stream water UTLs for dissolved metals 

UPPER TOLERANCE LIMITS (SITE-WIDE) 
STREAM WATER, DISSOLVED METALS 

C 

AN4lYl-E 

ALUMINUM 
ANTIMONY 
MRlUM 
W C I U M  
C O P P E R  
IRON 
LEM) 

UTHlUM 
MAGNESIUM 
MANGANESE 
P H O S P H O R U S  
POTASSIUM 
S'LENIUM 
S. 51UM 
S m O m U M  
TIN 
ZlNC 

S M P L E  PERCENT STANDASD 
SIZE. N DETECTS MEAN DEVLATION W l W  UTL UNITS 

134 4179 bDM) 165 40 475 18 U G A  
92 2935 18 01 17 6!3 59 20 UGlL 

145 5724 45 17 2344 127 74 UGA 
154 W51 2362175 11 474 97 50358U UG/L 
125 3760 590 4 97 17 UI UGn. 
153 6863 1 U  92 178 41 560 62 UGA 
113 2 7 U  153  163 5 14 UG/L 
110 5361 1571 20% 5366 UGA 
150 76.67 4,735 a2 2173 67 960047 U W L  
149 71 14 28 02 47 73 139 22 UGlL 

6 10000 194 83 124 91 1111 00 UGA 
1 w  51 59 1427 16 P26 31 3 % 5 9 2  UG/L 
85 25M 224 3 Q  13 26 UGtL 
tu B412 1663304 7 508 05 34096M) UGIL 
139 do06 241 I1  313 57 on u UGlL 
m 2121 28 52 23 40 83 05 U w 1 .  

159 5bw 13 59 18 14 5586 UGA 

Table C-18 Stream water UTLs for total metals 

UPPER TOLERANCE LIMITS (SITE-WIDE) 
STREAM WATER, TOTAL METALS 

S A M P L E  PERCENT STANDARD 
A N A L M E  SIZE N DETECTS MEAN DEVIATION 99/99 UTL UNITS 

ALUMINUM 
A R S E N I C  
MRlUM 
CALCIUM 
C O P P E R  
IRON 
LEAD 
UTHIUM 
MAGNESIUM 
MANGANESE 
P H O S P H O R U S  
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
ZINC 

139 
110 
131 
1 9  
121 
157 
131 
126 
146 
151 

6 
128 
1.29 
67 

155 
135 
118 
120 

151 

78 42 
2721 
€4 70 
w n  
4 1  32 
89 81 
sea 
4127 
81 51 
i a  81 
e323 
57 03 
21 67 
loo 03 
p;Lw 
a 70 
iQ4( 

27 5J 

67 55 

747 63 
1 73 
58BM 

23 601 21 
5 59 

1 247 08 
1 M  
11 n 

490194 
84 76 
1.56 25 

1 E69 97 
1 5 5  

6 076 23 
16 060 41 

171 63 
20 10 
6 97 

31 91 

134984 
1 76 

34 02 
11 100 19 

4 e.? 
286681 

235 
17 42 

2 107 61 
343 57 
1 3  6.¶ 

1071 i3 
2 0 5  

3 - 7  17 
7623% 

179 61 
20 13 
936 

61 E9 

3 192 76 
5 8 4  

13-3 1 

49 464 66 
16 95 

7 926 75 
736 
5235 

D 11235 
ea5 29 

1 2'22 4 0  

4 16709 
633  

1 6 M  19 
35 817 24 

590 13 
67 07 
21 76 
175 64 

UGIL 
UGlL 
UG/L 
U G R  
UGlL 
UG/L 
UGR 
UGIL 
UGlL 
UG/L 
UG/L 

UGR 
UGlL 
UGlL 
UGlL 
UGlL 
U G R  
UGIL 

UGJL 
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Tablc C-19 Suem \later UTLs for dissolved radionuclides 

UPPER TOLERANCE LIMITS ( S I T E - W E )  
STREAM WATER. DISSOLVED RADIONUCLIDES 

AMERICIUM-241 
CESIUM 134 
CESIUM137 
GROSS ALP* 
GROSS BETA 
aRWS MMW 
PLLITONIUU-236 
P L U T O N I U U ~  
PLUTONIUM-PO 240 
WIUM-Z?6 
R4DIUM 228 
S T R O ~ U M s 9  w 

URANIUM TOTAL 
URANIUM 233224 
URANIUM 23s 
UfWNIuMm 

m m u M  

SAMPLE PERCENT STANDARO 
SIZE N D€TECTS UcAN DEVWTION m/m UTL U N I T S  

?I4 im m 0 07 0 13 0 5 0  PCVL 

10 io0 m o a2 1 2 2  8 9 9  PCJL 
61 imm , 111 8 8 s  28 71 PWL 
81 103w 4 89 8 78 a30 PCIn. 
24 im m 0 70 0 25 163 PCllL 
4 100 m om 0 01 0 07 P C A  
4 im m 0 01 0 01 0 07 P C M  

36 100 m 0 12 020 0 79 P M  
3 io0 m 0 1D 0.21 s 23 P C A  
2 io0  m 105  0 49 4 9 3  PCVL 
87 im m 0 73 0 5s 2 4 2  P W L  
56 im m 185 58 416 W 1498 07 PWL 
6 iwm 0 7 2  0 48 4 27 PCJL 

56 100 m 092 4.23 14 x)  PWL 
56 103 00 0 1 4  020 0 78 P C A  
56 im 03 0 71 3 24 10 Q3 PCJL 

3 im m 227 0 10 4 67 PCIA 

Table (2-20 Stream water UTLs for total radionuclides 

UPPER TOLERANCE LIME'S ( S I l Z - W E )  
STREAM WATER, TOTAL ffiDIONUCUDES 

SAMPLE PERCENT STANDARD 
ANALYE  SIZE N OETECTS MEAN DEVIATION 99fW UTL UNITS 

AMERICIUM241 
CESIUM134 
CESIUM 137 
GROSS ALPHA 
GROSS B U A  
PLLITONIUM 236 
PLUTONIUM 238 
PLLITONlUMZlS 24a 

RADIUM Z8 
STROHTlUMdO 90 
TRITIUM 
UWNIUM TOTAL 
U W N I U M  233 234 
U W N I U M  235 

U I U N I U M  22.0 

106 
8 

0.3 
MJ 
04 
12 
12 
105 
4 
75 
7 3  
17 
79 

75 
55 

10000 
10300 
103w 
io3 OQ 

loo 00 
103 03 
103 03 
1ww 
103w 
103 00 
10300 
l W W  
10300 
103 00 
100 03 

ow 
153 
0 23 
296 
5 19 
OM) 
O W  
000 
107 
OM 
75 71 
059 
0 4 9  

0 05 
036 

0 01 
129 
OW 
8 25 
8 17 
ow 
0 01 
0 01 
1 25 
1x) 

20922 
0 52 
0 55 
0 07 
0 45 

0 02 
OM 
la 

28 06 

39 35 
0 01 
0 0 3  
0 0 2  
16 56 
4 8 a  

711 D4 
2 6 9  
2 16 

0 28 
1 7 5  
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TabIe C-2 1 S u e m  water UTLs for u ater-quality parameters 

UPPER TOLERANCE LIMIT3 (SITE-WIDE) 
STREAM WATER, WATER-OUALITY PARAMETERS 

BIUCRBONATE 
C*RBOMATE 
CBOM 
CHLORIDE 
CYANIDE 
DISSOLVED ORGANIC W B O N  
FLUORIDE 
M~~~~ 
NtTRTE 
C LANDORUSE 
P -1 
PHOSPHORUS 
SlUUI 
SULFATE 
TOTAL DISSOLVED SOUDS 
TOTM ORGANIC CARBON 
TOTAL SUSPENDED SOLIDS 

SAMPLE PERCENT STANDARD 
MEAN DEVlATIW SUE N DETECTS 99tW UTL U N ~ S  

154 1ww 97 571.20 40 23729 1Dl 3 2 4  08 UGR 
in 2443 2999 74 1 0 3 7 U  7 514 19 U G R  
10 10003 765500 3 01266 27 4a6 T I  UGR 

151 a05 16 833 01 15 808 05 53291 88 UGlL 
1 2 9  3101 2221 93 5mpz 1 4  S.5 67 UGR 
xi 1 w 0 0  6 IC257 326730 16 997 16 UGlL 

loo woo 536 41 io7 Po 5a9 01 UGR 
1 5 3  5686 324 55 -04 1 3 4 7 0 5  UG/L 
b) 22x3 13 98 14 74 50 81 U W L  

105 3333 4 0 2 4 2 9  375606 1 Z n 5  09 UGR 
51 W W  734 063 0 32 PH UNITS 

lo2 3529 a68 55 07 171 D.8 UGR 
D5 07 80 1 1  128 11 726556 28 056 40 UGR 

151 D801 187a245 0 174 66 37 829 40 UGlL 
151 10300 '170 110 21 56 721 65 -80 u UGlL 
49 imw 7 4 6 6 w  4 6 2 1 5 3  z?M7 87 U GR 

159 5975 18 877 99 45 77272 125 528 42 UGR 
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Table C-22 Secp/spnng watcr UTLs for dissolved metals 

UPPER TOLERAhCE LLMITS (SlTE-WIDE) 
SEEP / SPAJNG WATER, DISSOLVED MUALS 

ANALME 

ALUMINUM 
ANTIMONY 
BARIUM 
W c f U M  
COPPER 
IRON 
LEAD 
UTHlUM 
MAGNESIUM 
MNGANESE 
MERCURY 
MOLYBDENUM 
POTs.sIUM 
SODIUM 
c RONTIUM 
L N C  

SAMPLE PERCENT STANDARO 
SIZE N DETECTS MEAN DNIATION W / W  UTL UhlTS 

43 2555 42 TI 3 0 0 )  137 fA UGR 
33 jood 25 89 28 4 9  124 08 UGR 
47 4460 71 95 42.39 205 69 UG/L 
x) wo3 5 0 ~ 0 0  34 400.a 15906439 UGlL 
41 2439 6 01 5 51 2340 UWL 

1 4 -  10 UGR 4 Q  6 0 3  lDn00  4 08276 
42 2143 1 0 8  086 3 81 UGR 
43 3256 2046 20 72 Wb4 UGR 
47 R34 7 002 07 5 10840 23am UGR 
u w36 127 n 185 52 7 1 2 W  UG/L 
P P 7 3  0 18 026  116  UGIL 
31 2059  33 81 21 07 104 4Q UGtl. 
39 4 1  03 1 3 8 0 0 1  164062 6 745 W UGR 
x, woo 12297 00 5 5 G 5 4  29 QlQ 38 UGR 
45 n 7 s  441 40 401 87 174Q 29 U GR 
46 4565 15 68 21 13 8233 UG/L 

Table C-23 Seep/spnng water UTLs for total metals 

UPPER TOLERANCE LIMITS (SIT.--WIDE) 
SEEP /SPRING W A E R ,  TOTAL METALS 

ANALYTE 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUIS 
CADMIUM 
CALCIUM 
CESIUM 
C H R O M I U M  
COBALT 
COPPER 
CYANIDE 
IRON 
LEAD 
m l U M  
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STAOMIUM 
TIN 
VANADIUM 
ZINC 

S A M P L E  PERCENT STANDARD 
SIZE. N DETECTS MEAN DEWATION 99/99 UTL UNITS 

6353 
32 35 
59 09 
75 oo 
34 21 
3030 

24 24 
40 00 
3429 
52 27 
4000 
8.3 24 
W 67 
4857 

m 39 

27 27 
37 14 
48 7 8  

100 oo 
31 2s 
M68 
61 Po 
37 14 
51 22 
82 m 

m 57 

moo 

a9 

18 115 18 
46 68 
ai7 

Q l 3  39 
2 81 
9 0 8  

Q4 329 72 
419 98 
23 69 
43 39 
u 89 
5 95 

175 014 71 
Q1 1 4  
2943 

10 370 60 
17oBai  
314 
soda 

3 ?-36 23 
3 31 

10 05 
12W5 80 

9 6  16 
W 03 
11709 
195 22 

a 4013 i a  

/ 

47 149 24 
loa 89 
192 06 

1692  1 1  
3 37 
17 25 

128 636 27 
UQ 37 
49 27 
Oa 97 
Q90) 
7 40 

518 671 
207 26 
26 57 

7 w 3 6  
5 0 2 7 a i  

39 12 
1'6 39 

3 ob9 81 
3 72 

3 027 EA 
2'7 69 

5 016 a9 
476 35 
1 9 0  89 
280 76 
4-31 4 2  

166  871 02 
4 1 1  91 
675 73 

6 252 00 
13 06 
67 29 

uo 1 7  15 
1 0 3 6 7 9  

1M 74 
346 73 
359 20 
R W  

1811  4 6 3  71 
745 05 
11802 

2.4488% 
1765834 

1 R J  51 

83 071 50 
15 64 

23 023 71 
97 Js 

27 ta 09 
-703906 
733 54 

4 3  78 

1 002 0a 
1 5nx. 

UGlL 
UGlL 
UGIL 
UGIL 
UGR 
UGlL 
UGlL 
UGlL 
UG/L 
UGIL 
UGlL 
UGlL 
UGiL 
UGlL 
UGfL 
UGlL 
UGlL 
UGlL 
UGt'L 
UGIL 
UGA 
UG'L 
UG'L 
UC L 
UGA 
UG L 
UG L 
UGlL 
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TzbIe C-24 Seep/spnng water UTLs for dissolved radionuclides 

UPPER TOLERANCE LIMITS (SITE-WDE) 
SEEP /SPRING WATER, DISSOLVED RADIONUCUDES 

ANALYTE 

AMERICIUM241 
CESIUM-737 
GROSS ALPHA 
GROSS BETA 
GROSS G A M h U  
RUTONIUM-239 240 
RUIUM pa 
smomuMS0 w 

URUJIUM TOTAL 
UFUNIU)+2332% 
UFUNIUM 235 
UWIUM238 

mmuu 

SAMPLE PERCENT STANDAR9 
SITE N DETECTS M U N  D W T I O N  WID9 UTL UNITS 

8 10000 0 13 0 28 176 P a  
3 10000 427 0 21 4 73 P W L  
13 100 03 2 7 8  5 21 2609 PQR 
14 lco00 591 10 09 49 69 PCJL 
5 lo3 03 l o p  1 25 1227 PGA 
8 10000 0 10 0 16 102 PCJL 
2 io0 DO om 130 24236 P a  

20 10000 0 5 2  0 3 9  201  psn 
13 100 03 20125 298 70 163708 PCJL 
3 10000 i w  243 59 e9 P W  
13 10000 0 01 0 73 4 19 PCJL 
12 10000 0 12 0 13 072 PCJL 
13 10000 060 054 303  PCifl 

TabIe C-25 Seep/spmg water UTLs for total radionuclides 

UPPER TOLERANCE LIMITS (SITE-WIDE) 
SEEP /SPRING WATER TOTAL WDIONUCLIDES 

ANALYE 

AMERICIUM 241 
CESIUM137 
GROSS ALPHA 
GROSS B R A  
PLLJTONIUM 239 240 
RADIUM 226 
WIUU-228 
STRONTlUM-89 90 
TRITIUM 
UFUNIUM TOTAL 
URANIUM 2 s  2% 
UFUNIUM 235 
UFUNIUU-238 

,- 

SAMPLE PERCENT STANDARD 
SIZE N DnECTS MEAN DNIATION 99/99 UTL UNITS 

37 
37 
35 
10 
33 
12 
5 

32 
31 
9 

33 
22 
28 

10000 
10000 
10000 
10000 
10000 
103 00 
100 00 
10000 
10000 
103 03 
10300 
1 0  03 
103 03 

0 01 

058 
4252 
2 1 5  
0 21 
7 72 
16 38 
052 

-87 72 
OLS 
OM 
0 0 2  
064  

002 
I99  

09 n 
1 9  
0 78 
Q 10 

1 4  11 
038 

1 275 95 
06.3 
1.29 
OM 
121 

008 
7 16 
340 13 

P 74 
21s 

49 a8 
14253 
161 

4 2 7  76 
4 23 
499 
0 31 
4 89 

PCIA 
PCllL 
PCllL 
PCllL 
PCdL 
PCJL 
PCIA 
PCIA 
pCiA 
PCJL 
pCJL 
PCIA 
PCJL 
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Tzble C-26 Seeplspnng water UTLs for water-quallv parameters 

I UPPER TOLERANCE LIMITS (SEE-WIDE) 
SEEP / SPRING WATER WATER-QUALIN PARAMRFRS ii I 

1 

l ANALYE  
I I 

MMPLE PERCENT STANDARD I SIZE N DETECTS MEAN DEVLATION wiw UTI. UNITS 

' BlCAReOKATE 
1 CARBONATE 

CHLORIDE 
CYANIDE 
DISSOLVED ORGANIC CARBON 
FLUORIDE 
NmUrnrrRrrE 
OIL AND GR-E 
PH 
PHOSPHORUS 
SlUCA 
SULFATE 
TOTAL DISSOLVE0 SOUOS 
TOTAL ORGANIC CARSON 
TOTAl SUSPENDED SOLIDS 

60 1 m m  
55 4JH 
s3 w57 
46 2609 
s 1 c 3 w  

18 1 W K I  
53 6036 
24 5753 
35 1oQm 
18 61 11 
17 10000 
53 9623 
53 loow 
7 10000 

W 87 M 

?ZlW 17 
4 495 €4 

12523 58 
7 11 

500000 
55222 
at5 10 
2w '13 

7 2 2  
a 9 4  

17 025 45  
4696226 

26386792 
9 014 29 

2712305 56 

574 @58 46 
4 D b J 0 8  
17 061 Q3 

7 0 0  
2236 07 

26488 
2 118 91 

O U  
804 15 

856953  
E7 305 62 
174 307 09 
318456 

7 7Q1 125 40 

1-m 

2 135 321 61 
23 16052 
b b w w  

20 21 
24 0ae 27 
1601  23 
763034 
Q49008 

8 6 4  

3 UQ 67 
51 617 OS 

322411 50 
813 bo6 81 
29 U 3  51 

272J33C620 

UC1R 
UGA 
UGlL 
UGA 

UGA 
UGlL 
UWL 

PH UNITS 
UGL 
UWL 
UGA 
UWL 
UGIL 
UGlL 

u Gr. 
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Table C-27 Stream sedunent UTLs for total metals 

UPPER TOLERAh'CE LIMITS (SITE-WIDE) 
STREAM SEDIMENTS. TOTAL METALS 

A W L M E  

ALUMINUM 
ANTIMOW 
ARSENIC 
M R I U M  
B E R Y U U M  
O M I U M  
WCIUM 
CESIUM 
CHROMIUM 
COBALT 
C O P P E R  
IRON 
LEhD 
UiHlUM 
MAGNESIUM 
MANGAN E S E 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
S I U C O N  
SILVER 
SODIUM 
STRONTIUM 
T W U M  
n N  
VANADIUM 
ZINC 

-- 
MMPLE PERCENT STANDARD 
SUE N DETECTS MEAN DNLATION W I W  UTL UNITS 

59 
52 
59 
57 
57 
51 
5f3 
58 

59 
59 
59 
59 

59 
57 
59  
59 
49 
5d 
5T 
58 
56 
19 
54 
59 
58 
x1 
54 
57 
XI 

100 03 
U 23 
UQ 49 
M.21 
63 16 
3Qz? 
31 36 
EL54 
M 75 
76 2' 
a305 
100 co 
100 00 
91 23 
79 65 
100 00 
UIQa 
53 45 

75 u 
70 69 
u 10 
10.30 
3333 
79 66 
89 66 
24 00 
5J 70 
91 23 
98 28 

5 M7 61 
4 5 5  
2 2 4  

7 4  47 
O D 3  
0 72 

3 5 n n  
101 n 
8 2 s  
5 16 
10 81 

8 a5263 
Po2 
10 01 

1401 18 
22952 
0 12 
5 48 
7 01 

81250 
0 45 

331 53 
OW 

161 47 

45 62 
054 
9 69 
13 15 
4.444 

4 912 73 
4 16 
2x1 
56s 
3 40 
0 5 3  

4 710 96 
107 96 

7 49 
3 57 
8 23 

626319 
36 79 
B K I  

1 2 s  37 
214 85 
0 11 
8 3 3  
544 

7U PI 
0 5 5  

362 31 
0 71 

136 80 

n 91 
0 24 
9 79 
14 34 

29 98 

r 

21 587 27 
17 69 
10 13 

255 82 
11 65 
2 5 5  

111 446 12 
UL  39 
31 e4 
16 43 
36 78 

28 612 98 
158 09 
4 1  01 

5 3 5 8 5 6  
907 35 
0 46 
31 75 
24 16 

3 159 74 
2 1 3  

1 7 4 1  79 
3 11 

593 c9 
291 42 

1 1 0  
4 0  57 
63 39 
139 04 

MGKG 
MGKG 
MDKG 
MGlKG 
MGKG 
MGKG 
MGlKG 
M G K G  
MGKG 
M O K G  
MGlKG 
MGKG 
MGKG 
MGlKG 
MGKG 
MG/KG 
MGKG 
MGlKG 
MGKG 
MGMG 
MGlKG 
MGlKG 
MG'KG 
M W K G  
MGtKG 
UClKG 
MG/KG 
h /KG 
MGtKG 
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Table C-28 Stream sedment UTLs for total zad~onuclides 

STT EAM SEDIMENTS, TOTAL 'WATER-QUALIN' PARAMETERS 

SAMPLE PERCENT STANDARD 
ANALYTE SIZE H DETECTS M E A N  DEVIATION 99/99 UTL UNITS 

I 

' I  

UPPER TOLERANCE LIMITS (SITE-UTDE) 
STREAM SEDIMENTS. TOTAL RADIONUCLIDES 

26 9286 1970 U 5 1C2 72 19 839 96 MGtKG 
MGlKG 

52 71 15 7 76 15 67 57 19 MGlKG 
12 w33 034  0 19 121 MGlKG 
51 10003 7 2 6  OM 0 3 4  PH UNITS 
6 10300 4 47000 8 116 00 63 997 31 MGMG 

10 093 76 4 100w 1011 25 1 U927 

MMPLE PERCENT STANDARD 
DEVIATION WL  UNITS ANALME SIZE H DETECTS MEAN 

AMERICIUM 241 37 100 00 0 17 044 In  P W  
C,Sll'M-137 35 100 00 028 0 3 3  1 5 4  PCJO 
G R O S S  ALP% 45 100 00 2298 20 46 87 n PCJO 
GROSS BETA 43 10000 , 3535 PW 6683 PClI9 

5 100 00 000  0 0 0  000 PGIo 
U 10000 o n  161 5 62 PCIIO 

RADIUM 226 21 10000 OM 036 2 2  PCJO 
RADIUM 228 20 Icy) 00 1 70 0 74 4 5 5  PWO 
slRoNlluMI)9 90 43 100 00 0 21 027 107 PGlP 
mmuu 42 160 a lo( 30 ~CI 07 1 ox) 5Q PCJP 
U W I U M  TOTAL 6 100 00 148 0 6Q 6 57 PCllP 
U W l U M  233.23 47 10000 168 115  5 2 9  PCJO 
URANIUM235 4Q  100 00 0 0 6  0 05 0 21 PGlg 
URPrHlUM 258 36 100 00 140 1 o j  4 a2 PClIP 

PLLnONIUM23b 
PLUTONIUM 239240 

U 

I 
I 

TabIe C-29 Stream sedment UTLs for total "water-quality" parameters 
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Table C-30 Seep/spnng sedunent UTLs for total metals 

LJPPER TOLERANCE LIMITS (SITE-WIDE) 
SEEP I SPRING SEDIMENTS. TOTAL METALS 

SJJPLE PERCENT STANDARD 
SIZE N DET STS MEAN O N l A n o N  W / W  UTL UNITS 

ALUMINUM 
ANTIMONY 
ARSENIC 
M R l U M  
BERYLLIUM 
CMUlUM 
WCIUM 
CESIUM 
CHROMIUM 
C O W T  
C O P P E R  
IRON 
LEAD 
UTHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
P O T M S l U M  
SELENIUM 
s X O N  
SILVER 
SOOlUM 

STRONTIUM 
T H 4 U I U M  
TIN 
VANADIUM 
ZINC 

20 
18 
20 
20 
16 
16 
20 
17 
18 
1s 
18 
18 
18 
18 
20 
19 
15 
1Q 
17 
18 
19 
10 
15 
2c) 

20 
13 
19 
19 
20 

1mw 
u u  
0000 
9500 
8125 
u 75 
loo 00 
52.91 
M U  
M 21 
$444 
loo 00 
loo bo 
M 0Q 
8ooQ 

?a33 
n 80 
M.24 
61 11 
68 42 
loo oo 
46 67 
6003 
woo 

57 09 

103 00 
10303 

loo bo 

m n  

1omxJ 
I81 
12% 

204 61 
113 
l C i  

19 4 7  50 
260 47 
10 w 
8 47 
18 74 

20763 a9 
36 37 
19 79 

2249 30 
261 b3 

0 23 

12w 
105072 
125 

1 6 W 7 0  
215 
251 Q 
11370 
142 

22 10 
27 63 
56 13 

is n 

5 010 71 
8 14 
14 23 

155 62 
092 
1M 

16 OSQ 54 
m55 

5 27 
5 4 8  
10 68 

22673 64 
z64 
20 12 

1152286 
273 79 
0 31 
19 74 
7 51 
616 @3 
0 98 

2 117 17 

29404 

2 u  
18 75 
14 21 
i2 67 

im 

,- 9203 

a w l 4  
41 04 
67 25 
WM 

4 9 4  
8 52 

w9*062 
1 070 01 
31 87 
29 81 
61 01 

110 UO 63 
126 03 
p9 49 

666656 
1 327 33 

1 5 5  
9259 
U 31 

3 493 61 
5 07 

12440 63 
10 49 

1 378 24 
4% 32 
‘2 33 
95 16 
82 96 
143 00 

MGIKG 
MGlKG 
MGlKG 
MGtKG 
MGlKG 
MGKG 
MGIKG 
M WKG 
MGNG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGKG 
M G K G  
MGlKG 
UGIKG 
MGlKG 
MGKG 
MGIKG 
MWKG 
MGIKG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
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I 

SEEP I SPRING SEDIMENTS, WATER-QUALITY' PARAMETERS 
' 

1 

Table C-31 Secp/spmg sedment UTLs for total radionuclides 

i 

UPPER TOLERANCE LIMrrS (SITE-WIDE) 
SEEP I SPRING SEDIMENTS, TOTAL RADIONUCUDES 

I 

SAMPLE P E R C E N T  S T A N D A R D  1 ANALYTE I SIZE H D E T E C T S  MEAN D W A T I O N  99/89 U T L  UNITS 

AMERICIUM241 
C E S I U M  137 
GROSS ALPW 
GROSS BETA 
PLUTONIUM L" 
PLUTONIUM230 240 
R c s I U U 2 2 6  
PADIUM420 
sTRomuM40 Po 

UFUNIUM T O T M  
URANIUM 233.224 
U R 4 N l U M  235 
UFUNIUM 238 

mmuM 

I 

SAAPLE P E R C E h 7  S T A N D A R D  
SIZE. N D m C T S  MEAN DWVLATION %/m W L  UNITS 

8 10000 14 192.25 27 343 89 1 7 3 1 1 0 0 0  MGlKG 
17 5294 4 14 3 8 0  19 89 MClKG 
3 1 0 0 0 0  1 l 3  1 9  37 91 MGlKG 

18 1woo 7 24 0 5 5  9 47 PH U V I T S  
4 75 w 7 9  25 1 4 9 9 8 3  19 529 1 1  M G l K G  

14 
13 
15 
14 
3 
16 

9 
9 

14 
13 
3 
16 
17 
14 

I 
1 

b 

loo 00 
1 0 0  00 
1 w  w 
100 DQ 
loo 00 
1ww 
loo 00 
1mw 
1oow 
loo 00 
103 00 
1 0 0 0 0  
100w 
1 0 0  00 

0 13 
0 81 
19 71 
23 73 
000 
0 a1 
0 71 
1 1 8  
02.5 

1od 54 
1 8 7  
082  
OW 
0 73 

0 31 
O W  
14 03 
5w 
o w  
1 7 1  
0 24 
0 3 2  
052 

127 73 
059  
OM 
005 
0 4 1  

1 4 6  
3 51 

7 8  83 
u 76 
0 01 
768 
1 9 7  
2 w  
263 
789 75 
1s 87 
239 
0 25 
2 5 2  

I 

Table C-32 Seeplspnng sedment UTLs for total "water-quality " parameters 

1 UPPER TOLERANCE LLMITS (SITE-WIDE) r 

ALKALINITY AS CAC03 
NTTTCI\TE/NITRlTE 
NITRITE 
P H  
T O T A L  ALKALlNilY 

c-35 

i 



--- 

SURFICIAL SOILS FROM ROCK CREEK 
TOTAL f*tETkLS 

An a I)? e 

Aluminum 
hbmony 
Arsenic 
Bonum 
&ryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
CobH 

Iron 
Lead 
LrSium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potrusturn 
Selenium 
Silicon 
Silver 
Sodium 
StronJum 
Thallium 
i in 
Vanadium 
Zinc 

Copper 

- 

M 5 N  STQD=T h' TCL FACT 99 199 U T C  UNITS 

12992 9 
10 525 
5 817 
195 2 
0 983 
1048 

5068 1 
61 43 
15 207 
7 781 
12 964 

15381 7 
37 535 
10 98 

2853 3 
443 67 

0 09256 
3 31997 
12 578 
2977 9 
0 4785 
780 95 
1 726 
175 14 
35 331 
0 3773 
38 346 
31 603 
55 824 

2251 53 
1724 
1818 
84 63 
0 256 
0 3ct 

2223 5 
61 43 
2 798 
4 305 
3 629 

3226 62 
6 024 
2 273 

1049 95 
451 01 
0 0336 
159652 
3 588 
575 47 
0 1468 
703 452 
0 693 

75 031 
15811 
0 1204 
9 2105 
6 049 
7 795 

1 

18 
16 
18 
18 
17 
18 
18 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
16 
18 
18 
18 

18 
18 
16 
18 
18 
'16 

i e  

3 9604 
3 9604 

3 9602 
3 9604 
3 9604 
4 0367 
3 %04 
3 9604 
3 8924 
39604 
3 9604 
3 9604 
3 9604 
3 9505 
3 9605 
3 9604 
3 9504 
3 9504 
3 96% 
3 9804 
39604 
3 9604 
3 9604 
3 9504 
t 9604 
3 95% 
3 9604 
3 9505 
3 960s 

21909 85 
17 35 
13 02 

533 37 
200 
2 51 

13862 17 
304 72 
26 10 

27 34 
28160 41 

61 39 
19 98 

7011 52 
2253 61 

0 21 
964 

26 79 
5256 99 

106 
3555 E l  

4 47 
472 29 
90 03 
0 85 

74 82 
55 56 
86 70 

24 e j  

MGiKG 
MGiKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGIhG 
MGlKG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MG/KG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
MGIKG 
MGKG 
MG'KG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 

SURFICIAL SOILS FROM ROCK CFIEEK 
TOTAL RADIONUCLIDES - 
AnaMe 

Americium 24 1 

Cesium 137 
Gross alpha 
Gross beta 
Plu',oniun 239 2-3 
Radium 228 
Radium Z28 
SvonDun-eO 93 
Uranium 233 234 
Uranium 235 
Uranium 238 

o o i e s  0 0 5 2  
141 0 s857 
3 825 4 $16 

32 C31 5 599 
0 C5523 0 C2523 
0 94538 0 12813 
2 1767 0 5339 

0 6182' 0 29768 
I IC457 0 15557 
0 05263 0 0;27 1 
i le301 c 6709 

'5 
I 2  
13 
19 
15 

10 
10 
9 
16 
t6 
15 

- 

4 2225  
4 €23 
5 0737 
3 8929 
3 9504 
5 0737 
5 0737 
5 38e9 
4 1233 
4 1233 
4 1213 

0 0 5  
3 68 

4 5  77 
54 21 
0 I *  

1 60 
4 87 
2 22 
1 7 s  
0 19 
I 95 

DZIIG 
PCVG 
PCIIG 
PCiIG 
PCllG 
PCIIG 
PCllG 
?CI/C 
PCIIG 
PCllG 
PCI'C 

Whcrc TOL FACT is Ihc iolc-ancc factor for I'IC 09PO LT, and 'ST3 DE\' is i\c stanlard 

dc\ialion for samplc w c  P Tnc 99/09 L'TL 1 5  al,u'Jicd as (TOL FACT.  S T  DL\3 7 hlLA\ 
h<cialr arc E9 pcrccnt \siidaicd, and -iaionuclioc< a-c 6- perccit \aiiddicd in this iablc 



RESPONSES TO EPA LETTER 8HWM-F" - STATISTICAL COMPARISONS TO 
BACKGROUND AT ROCKY FLATS DATED SEPTEMBER 21,1993: 

GENERAL COMMENTS 

1 Overall, the report is outstanding It succinctly outlines a comprehensive paradigm for the 
background analysis of inorganic chemicals at RFP It is obvious that the mulhuered approach, 
incorporahng sp&ific data quahty ObjecbVeS, presentahon and graphic analysis, and a senes of 
six stahstical tests has been well thought-out and all possible scenanos considered and problems 
anhcipated 
application of the upper tolerance limit (UTL) approach that has been advanced by DOE 

It directly addresses the predominant contentious and divisive issue, the proper 

On a purely technical level, the approach is well-balanced However, the report appears to be 
overly concerned with Type I or false posih\e errors and not as concerned with Type II or false 
negative errors From a nsk assessment standpoint, a Type I error can t z  easily managed if i t  
is unknowingly included in the nsk assessrient since the analysis can be revisited and 
professional judgement apphed if the nsk associated with the chemical in queshon becomes 
unacceptable In contract, a Type III error cannot be so easily managed If a Type II error is 
made, the chemical will be mcorrectly eliminated early in the COC seiechon process and will 
not be further considered Although it  is desirable to minimize or eliminate both types of errors 
from the analysis, from a pubhc health perspechve it is preferable to make a Type I error 
Chemicals mcluded in the nsk assessment from a Type I error will not automatlcally be 
remediated. EPA recommends that for nsk assessment, sampling design should specify the 
probabhty of a Type I error as 20% and the probability of a Type 11 error as 10% or less This 
is a n  important item to reach consensus on between EPA, CDH, and DOE 

Clarification. It is necessary to Teach a compromise between acceptable Type I error 
rates, acceptable Type D[ error rates, and cost Each OU should have addressed these 
issues in the OU-specific workplan approved by DOE and the Agencies The 
corresponding background data are now a matter of hstoncal record, as this samplmg 
program was tenmated after four years of data collectlon At the SeptemSer 29, 1993 
meebng, all p a e s  agreed to the Type I error rates incorporated into the current pian, 
which is 5%  for the Gehan, quantde, slippage, t-test, and Wllcoxon Rank Sum tests, with 
the Type r[ error rate left unspecified However, i t  should be noted that the actual Type 
II error rate has been reduced, and the Type I error rate has b e a  increased, because of 
the battery of tests The UTL test wi:l mcrease the Type I error rate and reduce the 
Type II error rate as well 

2 One addibonal problem that is not addressed m Dr Gllbert's report, perhaps because it was 
outside the scope o f  wcrk, involves dab aggregatton This is a fundamental issue that has yet 
to receive the proper amount of focused attenhon Without an established methodology for 
aggregatmg data withm different environmental media, the bme and effort expended in execuung 
the sophsWated stahstlcal approach presented m ths report wlll be misspent Although the 
report touches on some aspects of this broad problem, it does not dlrectly discuss the issue 



, 

Therefore, €PA, CDH, and DOE need to address i t  

Clanfication. Data aggregahon is another topic, "eing addressed by DOWRFO, CDil, 
and €PA separately from this forum, which deals stnctly with site-to-background 
cornpanson 

3 If the agencies can agree that the above concerns will be addressed, the background analysis 
approached developed by Dr Gilbert provides a well-balanced methodology that will, if 
implemented properly, lead to a robust background analysis This objectwe, scientific approach 
will result in venfiable conclusions, expedite the rcfiew and comment penod, and prevent an 
overreliance on professional judgement 

No response necessary. 

SPECIFIC COMMENTS 

1 Page 2 Seventh Bullet It is suggested that the same field sampling and labcratory 
procedures be used for both background and site data The statement should be extended to 
include data aggregahon Past review of RFP data from operable units showed inconsistencies 
in the methodology used to aggregate data Problems encountered at this phase will be 
magnified at later stages of the background analysis 

Concur. The Same field sampling and laboratory procedures were used for both background 
and site data 

Clanfication. Data aggregabon is another topic, being addressed by DOWRFO, CDH, and 
EPA separately from this forum, which deals stnctly with site- to-background cornpanson 

r 

2. Page 4. Task 1. Observabon 1, Third Bullet Thls statemer t suggests that background 
analysis should be the imhd state m selectmg COCs This is colmtent with the COC selecbon 
methodology developed for Rocky Flats by DOE, €PA, and CDH However, in order to 
manage DOE'S effort rn background compansons, we point out that it is not necessary to carry 
all chemicals through an elaborate, hme consuming statxtnl analysis if they can be ehminated 
as essenhal nutnents or as rnfrequently detected chemicals It may be more cost-effectwe and 
expedibous to simply ehrmnate chemicals on the basis of these two prehminary cntena than to 
conduct a background analysis only to e l imate  them later based on the background analysis 
We suggest that DOE consider this in the development of a plan to implement Dr Gilbert's 
approach 

Clanfication. Essenbal nutnents have not been ehminated from the protocol m the 
stahshcal methodology This comment was withdrawn by EPA at the September 29, 1993 
meetmg 

3 Pape 5. Task 1. Observation d Second Bullet This statemEnt expresses concern about 
measurements that are less than the contract required detecuon limits (CRQL) but above 
mstrument detection limits (IDL) Accordmg to a s k  Assessr ent Guidance for Superfund, 



Human Health Evaluabon Manual, Volume I, Part A, these measurements should be "J" coded 
and interpreted as esumated values They should not be viewed as non-detected chemicals If 
they are currently classified as non-detect chcmicals in the RFP background geochemical report, 
the entue validabon process currently in place should be rcvalLmxl 

Clanfication. There has been confusion over the detecbon hmits and therr applicabon A 
quahfier of "J" indicates that the reported value is between the instrument detection limits 
a d  the contract required detecbon hmits. A non-detect has a reported value of a detecbon 
h u t ,  not the detected value, and conveys less informahon Inan a "J" 

4 Page 9. ParagraDhs 3 and 4 The essence of h s  discussion is that a hot measurement 
(HM) concentrabon should serve as a "safety net" that can prevent "hot spots" from passing 
unnobced in a nsk assessment. It should be noted that this need has been previously recognized 
and was addressed in the onginal flow chart devised dunng the summer 1992 meetlngs involving 
EPA, DOE, and CDH At that ume, it was agreed that a nsk-based concentrabon (RBC) would 
effectwely serve as the "hot measurement I' Although a UTL has some utility in idenbfying hot 
spots, there is no need to conduct a lengthy analysis if thc highest detected concentrahons da not 
exceed a predetermined RBC and pose an unacceptable human health nsks Thus, it is possible 
to have measurements above the UTL but below an RBC in whi-h case there would be little 
reason to consider the chemical further 

1 

Clarification. The Guide for Conductmg Stahs~cal  Compansons of RFI/RI Data and 
Background Data at the Rocky Flats Plant (called The Guide subsequently) addresses 
s tahshd determmahon of the presence or absence of analytes, and does not address human 
health effects For each OU, addihonal tests will determine ;f the analyte concentrahons 
present are below regulatory ( A M s )  and/or human health effect (PRGs) levcls, but that 
is external to the statistml discussion at hand. - - - -  

- 
--I-_ 5. Pape 10. Third and Fourth Bullet, Thls statement refers to lowenng the potential for a Type 

--I I, false ps ihve  error to usmg a 99 percent UTL on the 99 percentde. However, thls concern 
is not properly balanced agamst the potenbal for a Type II error. A false negabve could have 
profound consequences on the nsk assessment and subsequent remedy selected for the site 

--- 
- -  

I 

Do not concur. If the 95% UTL were used, then a very hgh percentage of data points 
would be considered pCoCs, because theoretically, even a background -opulaaon wll have 
5% of readings above the UTL A site, even if its concentrabon levels are shghtly above 
bad ground, may have considerab' y more than 5 % of its readmgs above the Any 
analytes that show a false negatwe on this test w d  s t d  be considered pCoCs if they test 
posiuve on any of the other stat~sbcal tests 

6 Parre 1 1. Second Paramiuh This paragraph suggests that data quahty objecbves @QOs) 
be estabhshed at the design stage of the studies Although this is a relevant comment in the 
co itext of p l m n g  a background analysis, the background a! d most of the OU planrung and 
samphng has already been completed Thus, this comment IS appropnate m theory but there is 
little chance for implementauon Revitallzed effort should be duected to estaohshmg DQOs 
where they were not previously estabhshed, and analyzing whether the samphg efforts 

I 



completed to date have succeeded ui meeting these DQOs DOE, EPA, and CDII will need to 
look at opbons for correcting the mation if the DQOs have not been met 

Concur, The draft Rxs for each OU have a secbon for rcvlewing data quahty i3ch OU 
naoager bears the responsibihty for ensunng that DQOs are met for h s  or ha OU. This 
usue wilI be dealt with mdepndently from the statishcal methodology, as was ap eed to by 
FZA, CDH, and DOE at the September 29, 1993 meetmg. 

7. Task 4. Flow Chart for CompannP 0 U Data tu Background Wijh a minoi cxception, 
tllis flow chart adequately descnbes tile framework for a background analysis The exceptmi 
IS BP imdquate desmpbon of appopbte condibons under which parhcular statlstrcal tests 
should apphed. 

Exphcit guidehnes for the ankcation of specific stakstical tests under welI-de€qed conltlons 
should be presented to circumvent future mtsunderstandinfis. It would be hgNy useful tor EPA, 
DOE, and CDH to agree to a predetmned paradigm in which dl possible circumstances and 
condibons have been anticipated and the appropnate stabshcal tests identified 'Knowmg m 
advance what particular test WIII be applied under what circumstances wlll prevent protracted 
discussions and posslble disagreements. 

I 
1 

Co cur. The Background Cornpanson Methodology chart shows the specific tcsts and gives 
the conditmns under whxh they are or are not applicable Xn additton, The Guide's text states 
whch tests wll be conducted, under what cucumstances. 



IMPLEMENTATION ISSUES 

1 EPA, DOE, and CDH must reach consensus on procedures for defining non-detects 

Concur. The Guide states that non-detects will be considered to be one-half of the reported 
detecbon h i t ,  in accordance with EPA guidance 

2. EPA, DOE, and CDH must reach consensus on what hot measurement value should bz used 

Concur. Our methodology uses a value of m,,, , 

3 EPA, DOE, and CDH must establish data quahty objecbves which address acceptable power 
and confidence levels, required detechon limits, and anticipated data aggregahon 

Clanfication. T ~ L  draft RIs for each OU have a sechon for reviewing data quality Each 
OU manager bean the responsibility for ensunng that DQOs are met for his or her OU 
This issue will be dealt with mdependently from the statlstlcal methodology, as was agreed 
to by EPA, CDH, and DOE at the September 29, 1993 meetlng 

4 EPA, DOE, and CDH must revisit the assumptlons which Dr Gilbert lists on page two of 
his cover letter. Are these assumphons vahdv What are the consequences if the assumphons 
are violated7 Can h s  be handled rn an uncemnty analysis? 

Clarification. All of the assumptlons hsted, except for the last four, are difficult to quanhfy 
and are thus not "vahd" or "invahd". These last four are now answered individually 

r 

The same field-sampling techmques are used for background and site, so this assumphon is 
vahd 

Measurements are not always vahdated by thud-party subcontractors before the draft R.FI/RI 
stat~sttcal tesmg has been completed, so this assumpbon is not vahd When the data 
vahdahon results have been obmned, the data are reanalyzed, and the final WURI conhns - 
no rejected data - 

Background data were checkvd for outliers, per EPA comments upon the 1992 Background 
Geochermcal Report, and extreme outLers were excluded from stabshcal analysis 111 the 1993 
Background Geochemical Report, so this assumphon is not entlrely vabd. However, OU 
data outliers are not typically deieted, although data from the OUs are checked for 
"geochemcal reasonableness", and any unusual results are discussed in the ensurng reports 

The instrument detectton huts are not always reported in the data bases, so this assumphon 
is not completely vahd However, the costs of recovering ths  mformatIon would be 
considerable. 

5 
to be worked out include 

EPA, DOF, and CDH must r e  ch consensus on a paradigm for implementahon The issues 



a The appropnate background data sets by analyte, medium, and locabon 

Concur. 
Populabons" addresses how this will be done 

The secbon of The Guide enbtled "Determine Background and OU Target 

b How to deal with clearly non-random (e g , spabal) patterns 

Concur. The Guide states in the Pr jfessional Judgement section that spatml patterns are 
subject to professional jud,ement, which is then subject to EPA and CDH review 

c Measurement errors and mulbple non-detects 

Concur. Measurement errors are an mevitable part of physical data Efforts are taken 
throughout the data-collechon process to minimize errors When non-detect replacement is 
necessary (I e , for t-tests or UTL tests), non-detects are dealt with by replacing the data 
value with $5 of the reported detection hmit 

d Structure for the formal s t a t ~ ~ c a l  tests 

Concur. The Guide furnishes this structure 

e Data aggregaQon for companson n the stausbcal tests 

Clanfiation. 
separately from th~s forum, which deals stnctly with site-to-bagkground companson 

Data aggregabon is an0 her topic, being addressed by CDH and EPA 



RESPONSES TO CDH LETTER - STATISTICAL METHODS FOR THE COMPARISON 
O F  REMEDIAL INVESTIGATION DATA TO BACKGROUND DATA AT ROCKY 
FLATS PLANT, DATED SEPTEMBER 13,1991 

1 The Division would hke to emphasize the importance of effective graphical presentauon of 
data to enhance the understanding and interpretation of the stahstical tests The Division 
believes that the development of effechve graphical procedures to display and interpret both site 
and background data is essenhal to the usefulness of  the methodology and hould not be 
overlooked or down-played The Division requests that specific graphical techniques be 
developed and included in the "stahshcal strawman" methodology 

Concur. The Guide specifically addresses graphical techniques 

2 The Division does not recommend the use of a nsk based hot measurement companson value 
in the hot measurement companson The use of nsk based decisions IS not appropnate In the 
context of compansons to background 

Concur. The hot-measurement companson value is not nsk-based 

3 As noted m Dr Gilbert's report, the proper treatment of non-detects and mulhple detection 
hmts is cnhcal to the implementation of his recomrnendatrons Both of these issues occur 
frequently in Rocky Flats data sets Therefore, the Division recommends that DOE emphasize 
specific protocol for proper treatment of non-detects and multiple detectlon limits in the 
"strawman" methodology 

r 

Concur. The Guide states that non-detects wdl be dealt with by replacrng the data value 
wth % of the reported detechon hmit 

4. The Division agrees with Dr. Gdbert that professional judgement is necessary in evaluatmg 
the results of stahstlcal tests However, it is not the Division's intenhon that professional 
judgement be a substmte for an inadequate site investIgahon or as a tool to dismss dubioub 
data The scope of appropnate professional judgement and hmtatlons on its applicahon should 
be outlrned m the "strawman" methodology Guidehnes and cntena for mahng decision based 
on professional judgement should also be idenhfied 

Concur. The Guide restncts professional judgement to several specific areas 



Response to EPA: Hestmark letter 8HWM-FF received 10/25/93 

1 To deterrmne the appropnate background and operable unit populabons for cornpanson, 
we understand that some matching of the two populahons is done by geologists and chemists 
Data for an analyte in a non-background area are grouped according to a combinahon of 
background classes which represent indepe dent background populahons A table that cross 
references the operable unit populahons and the background populabons will be provided. 

Concur The strawman has been changed to require tables that cross-reference OU 
media to background media 

2 A more exphcit statement of the null hypothesis that is being tested will be included In 
addihon, a fixed p value of 0 05 will be used for each of the inferenhal stahst~cal tests as 
wntten 111 the strawman proposal There was some inconsistency in what was wntten in the 
proposal and what was stated in the meehng regarding the p value A fixed value of 0 05 is 
what we will accept. 

Concur The strawman states that p values must be less than or equal to 0 05 to 
demonstrate a sigmficant difference from background. Footnote 3 on page 5 or the 
strawman, wluch was not clear on h s  pomt, has been deleted 

3 All references to cornpanson of background and operable unit populabons for organics 
wdl be removed Background compansons apply to inorganics and radionuclides only 

Do not concur. Although background-compmsons for organics are not commonly used, 
there are mstances when it may be apphcable, in which wide-ranging organic 
contarmnabon is due to non-site-specific wthropogemc sources We want to retam the 
opbon of performlng background compansons for these organics, when geochemists or 
geologists deterrmne that it is apphcable to do so In these instances, we will retam the 
burden of proof, and the apphcab&ty of the cornpanson will be subject to EPA and CDH 
approval 

The strawman has been rewn 'en to state that background compansons for organics wrll 
be done on a hmited, case-by-case basis, subject to EPA and CDH approval 

4 "I t use of professional judgement ln mterpretmg the results of the graphical displays and 
stahsucal analyses will be hmited to considerahon of spahal distnbuhon, temporal 
distnbuuon, and pattern recogmuon concepts The strawman proposal included five 
addibonal cntena These will be deleted m the final implementahon document 

Concur The five cntena (intennedia interacbons and geochemical processes, not an 
expected contaminant, blank data, regional background raige, and influence of field 
acwihes) have been deleted. 



4 

5 The non-background population is defined as the enure operable unit remedial 
investigabon set The data aggregation for the purpose of background companson will be 
done within the area defined by the operable unit boundanes 

Concur Analysis will be done on an OU-wide basis 

6 The attached flowchart, "Background Companson Methodology", distnbuted at the 
meehng will be clanfied. It IS EP 1's understanding that 211 the data sets will undergo the 
hot measurement test 4 the battery of inferenbal stahstical tests (Gehan, Quanble, 
Slippage, and T-Test) provided the data sahsfies the conditions stated in the strawman and on 
the flowchart I f  any one of these tests, including the hot measurement test, shows 
significance, the analyte will be further considered, using professional judgement, as a 
contaminant of concern The flowchart would benefit from the addition of decision blocks 
after each test indicahng the next step if significance is demonstrated or not 

Clanfication The chart "Background Companson Methodology" attached to EPA's 
memo is not the same as that distnbuted at the September 29, 1993 meehng and 
contamed within the strawman proposal The difference is that nonparametnc ANOVA 
tests are given as options to the Gehan test in the chart within the strawman proposal 
Because the Gehan method is not standard and will therefore incur pracbcal liabdibes 
(e g , the method has not been adequately tested and venfied, preliminary usage shows i t  
to requrre excessive man-hours, and subcontractors will need to be instructed in its use), 
we want to retam the opbon of performing standard nonparametnc ANOVA testmg, 
usmg the Wdcoxon or Kruskal-Wallis tests, instead of the Gehan test 

Adhtional clarification The suggested decision blocks are not necessary 
- I) be performed, if applicable, regardless of whether other tests demonstrate significance 

/ 

All tests will 

Concur with the need to redo the flowchart This has been done 

6 (conhnued) We also have some specific questions that need to be addressed in the final 
document 

a What happens to data which IS camed through the slippage test but does not quahfy for 
the t-test? 

CIarlfication The data that do not qualify for the t-test will be routed to the "At Least 
One Test Significant?" block The flowchart has been revised to show this 

b What is the basis for the 20% detect value as tl e cntena for the Quanble test? How does 
this cntena relate to the cntena for applying this test as stated in Dr Gilbert's report on 
page 207 

Clarification Dr Gilbert's method proposed loolung up tabulated values for n and r 
parameters The quantile test could be corcctly applied only if tL 2 largest n values were 
a l l  detects Our statlsticians have stated that, typically, this restncrion equates to the 



largest 20% or less of the combined sample sizes being detects, and recommend using a 
flat 20% to simplify applicabon 

c What is the basis for the cntena of N > 20 value for background and operable unit data7 

Clarification 
Theorem for a two sample problem 
total degrees of freedom, which will permit assumptions about the distnbution 

Our stabshcians denved this value from applicahon of the Central Limit 
If both samples have N=20, then there will be 38 

7 EG&G’s clam that these impacts [of implemenhng Dr Gilbert’s reco1 imendations] could 
range from $30,000 up to $12O,OOO per operable unit is not supported by the Informahon 
provided In fact, it appears that there is some evidence that implementation will not 
negatively impact costs or schedules 

Do not concur Because the Gilbert method requires additrorlal work, here will be cost 
and/or schedule impacts 

In addihon to the impacts menhoned above, cost impacts may result if the Gehan method 
is used 
when less than 40 hours would have been sufficient to perform standard ANOVA testmg 
However, the majonty of these costs appear to be one-time costs such as coding 
development Subsequent tesbng on the same OU indicate that the cost impacts may be 
as little as 30 hours for a small data set 

For OU11, approximately 200 hours were required to perform the Gehan test, 

c 
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Response to CDH letter "DOE Proposed Methodology for Stahshcal Companson of 
Remedial Inveshgahon Data at the Rocky Flats Plant" from G Baughman to R 
Schassburger, dated 10/13/93 

1 To mnirmze any potenhal future msunderstandings of this agreement, the Division feels 
that it is cnhcal for the Agencies to develop a formal guidance/policy document 
inshtubonalizing the agreement The Strawman document was wntten for the purpose of 
facilitabng agrezment among the Agencies However, the end users of this document will be 
the operable unit managers and sub-contractors prepanng and reviewing RFI/Rl reports The 
majonty of these pt=opIe were not involved III the development of this methodology It is 
cnhcal to the future of this agreement that final documentahon of this agreement be 
developed to clearly and concisely guide future end users in the implementahon of this 
methodology This formal guidance should be completed in parallel with the implementahon 
of the agreement 

Concur. When the strawman has been completed and accepted by all concerned p m e s ,  
it wdl then be rewntten as a procedure for stat~shcal companson of OU data to 
background. 

2 The Division recommends that the btle of h s  document be revised to more accurately 
reflect its content and mtent, that being methodology and guidelines for the companson of 
site data to background data. The Division proposes the title, "Guide for Conduchng 
Stahsbcal Compansons of RFI/RI Data and Background Data at the Rocky Flats Plant," for 
considerahon I 

" -  
A * _  
i. - -  - - 1 Concur. The CDH's proposed htle is an 1,nprovement to the current Wle, and has been 

_ -  adopted. 

I -7 - _  _ -  

- _  . 3. One of the central themes of Dr. Gdbert's recommendahons was the need for stahshcians 
- _- - - to be mvolved throughout the entre process However, stahshcian mvolvement is not 

discussed m the methodology The division requests that the role of the stahstxian in 
implementahon of this methodology be clanfied m this document. 

- - -  

Concur. StatMmans wdl be employed to venfy that the methods used are correct The 
strawman has been rewntten to incorporate tius. 

4. The Division does not believe that references to specific DOE sub-contractors are 
appropnate in h s  document The Division recommends DOE review all references to sub- 
contractors and, where appropnate, modify the reference to more accurately reflect DOE'S 
role and responsibilihes 

Concur References to DOE subcontractors have been ehminated 
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5 This sechon (Determine Background and OU Target Populahons) outlines the steps for 
matching site and background populations However, it is unclear exxtly how the matching 
will be implemented. The Division recommends that the rahonale for combining 
medidgeology groupings for testmg be dehled in this section For example, any cntena for 
minimum group size necessary for statuhcal testrng should be specified The Dxvrsion 
further recommends adding a table or diagram depicbng the general rationale for grouping 
data by media and geology 

Concur The strawman states that the OU will match one or more of several specified 
background media In addihon, the strawman has been changed to require that a cross- 
reference be performed between the site and one or more background media 

6 As discussed dunng the September 29th meeting, and emphasized by Dr Gilbert, it is 
cntical to stahstrcal hypothesis testing that the hypothesis to be tested is explicitly defined 
and clearly skted The Division recommends a statement of the test and null hypotheses, in 
both "english" (narrahve qualitahve descnption) and stahstical terms, be added to this section 
of  the methodology so there is no misunderstanding of what is being tested This statement 
should also address corifidence and power requirements for the tests. 

Concur The strawman has been modified to require stahshcal and prose statements of 
the null and alternatwe hypotheses 

7 The Division does not agree with the blanket statement at the beginning of this 
discussion, "Under current LAG schedule condihons, analyhcal data will not be 'validated' 
whtn the background compansons wdl be made in each draft report I' This clam is not 
substanhated by the schedules submitted by DOE in the approved OU work plar s and is in  

dlrect contradichon to Dr Gilbert's Task 5 recommendahons L)r Gilbert stater that, 
"These data quality evaluahons are conducted pnor to descnptrve graphical analyses and 
formal stahsbd tests. 'I In finahzing this methodology, the Division recommends that DOE 
follow Dr Gilbert's recommendauons for data validahon before formal graphical 
presentahon and s t a h s t d  testmg. The need for vanance from this approach will be 
considered by the Division on an OU specific basis 

Do not concur Under the present system of data validahon, the non-vhdated data are 
used only for the draft RFI/RI. The fmal 1 FURI is based solely upon validated data 
The lag bme between receiving data from the laboratory, and validated data from the 
mdependent subcontractor can exceed one month, Watmg for 100% validabon may 
impact schedules, but vnll probably not :hange the results in the final RFI/RI The 
potenhd impacts of using non-validated data at each OU wdl be discussed on a case-by- 
case basis 

8 The Division recommends DOE add a discussion of detechon lirmts to this sechon of the 
methodology In the past there has been confusion as to what detectron limits are being 
reported and used (instrument detechon limits vs contract limits vs reporbng limits) Part of 
ths confusion may be because dqtechon limits have not been formal discussed. This section 
should state what detectron limits are to be used m s tahs t id  teshng and how they are 



deterrmned from the WEDS data set 

Concur. The strawman addresses detechon limits, and it specifies how determinahons 
are made on how to handle non-detects 

9 The Division recommends that this sechon (Preliminary Exploratory Data Appmsal) be 
moved to the Data Presentahon sechon 

Concur. This sechon has been moved to the Data Presentahon sechon 

10 The Division interprets this sechon as descnbing the informal data analysis conducted 
dunng RFI/RI preparahon and not normally included in the formal RFI1R.I report The 
Division recommends adding language to indicate that this informal data analysis will be 
made avadable and reviewed with the regulators in evaluatmg the appropnateness of the 
scope of the formal RFI/RI proposal 

Clarification. We have added language to this section to clanfy that this informal data 
analysis wdl be informally discussed with CDH, EPA, and DOEYRFO However, this 
wlll not conshtute a formal dehverable 

11. The Division does not agree with DOE’s recommendahons that box plots are applicable 
only when there are no non-detects The problem of esbmahng percentdes for data sets with 
mulbple non-detects was not resolved by Dr Gilbert The Division recommends that when a 
reasonably small percentage of non-detects are present, percenhles be esQmatd using 
Maxlmum Llkehhood Eshmabon (MLE) techniques in construchng box plots 

-L.- --- -_ - =*-- L I Z -  r. Concur We wdl provide box plots unless the percentage of non-detects exceeds 50% 

Charactemahon Report (September 30, 1993) 
- $ A  - -  The 50% figure is chosen for consistency with the 1993 Background Geochemical ... 

12 The Diwsion does not agree wth  DOE’s suggeshon that histograms are not useful for 
small or hghly censored data sets, such as inorganics. As stated by Dr. Gllbert, such 
hlstograms are not Gely to be useful m msually assessing whether the data sets are better 
modeled by a normal or lognormal distnbuhon However, they may shll be useful to 
visually compare the spread, central tendency, and skewness of the two data sets to look for 
differences that may be important. 

Concur. We WIU provide histograms unless the percentage of non-detects exceeds 50% 
Bars in the hstogram will be shaded to indicate the percentage of detects and non-detects 
withm each bar mterval. 

13 The Diwsion recommends that a discussion be addei to t h s  secbon of the methodology 
to address what to do when a u?z 99/99 can not be reasonably estmated or IS unknown (ie 
small or hghly censored background data set). 

Concur We have modified the strawman to state that professional judgement, and use of 
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geochemical background data from the literature, will be used The result will be a 
geochemical interpretahon of data, subject to agency review and approval 

14. The r;ference in Footnote 2 to OU 1 is not appropnate and should be removed. The 
inferential tests conducted at OU 1 were the result of a compromise agreement, are not 
precedent settmg for other OUs and are not the tests being proposed in this document. 
However, as stated in this note, limited professional judgement as presented later in this 
document may be applicable 

Concur This footnote h 1s been deleted 

15 This discussion (Footnote 3) should be moved to the DQOs or statlshcal test definitlon 
sechon of the document 

Clarification This footnote has been deleted We intend to use a p value of 0 05, and 
the footnote made that intent unclear 

16. The Division does not agree with the limitahons DOE has placed upon the Slippage Test 
The slippage test can be applied to data sets when the largest background point is a non- 
detect If the largest background data point is a non-detect then logic must be applied to 
determine if the slippage test 1s applicable, but the test should not be categoncally 
eliminated. 

Concur. We have r wntten the strawman to state that, if the largest background data 
point is a non-detect, we wdl apply Judgement to investigate Ghether or not the slippage 
test is apphcable 

m 

17. The Dimsion recommends hmitmg the use of professional judgement to the first three 
cntena, spabal distnbution, temporal distnbuhon, and pattern recognihon. In addihon, it IS 
recommended that the introductton to thls sectlon include acknowledgement that in applying 
professional judgement, the "burden of proof' lies solely on DOE Proressional judgement 
wlll only be considered by the Division on a limited basis where well documented and 
defensible evldence IS presented. 

Concur. We have eliminated the last five cntena from the strawman, and acknowledged 
that we wrll bear the burden of proof. 

18 To make the process more efficient the task of eliminahng non-detected analytes shouId 
be completed pnor to data presentatlon The flow chart should be modified to reflect this 
change 

Concur We have changed the flowchart CDH's comment improved the process 

19 This flow chart is confusing and difficult to foIlow due to the many muluple and 
undefined branches 
be clarified or deleted 

To minimlze the potential for misunderstanding this chart must either 



Concur. The flowchart is too important to delete. It has been clanfied. Lines denotmg 
the flow of informahon have been deleted, keeping only the hnes denohng flow of 
control, m accordance with common flowchartmg techniques Decision blocks have been 
transformed mto diamond shapes Alternahve "No" paths have been added for the blocks 
labeled "No Non-Detect Present OU Data Normally Distnbuted7", and "At Least One 
Test Significant7" Finally, the block representmg the wndihons which must be met pnor 
to performing the t-test has been changed to reflect the condiuons given in the text. 


